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It is often stated that anatomic pathologists 
come in two forms: “Gestalt”-based individuals, 
who recognize visual scenes as a whole, match- 
ing them unconsciously with memorialized 
archives; and criterion-oriented people, who 
work through images systematically in seg- 
ments, tabulating the results—internally, men- 
tally, and quickly—as they go along in examining 
a visual target. These approaches can be equally 
effective, and they are probably not as dissimilar 
as their descriptions would suggest. In reality, even “Gestaltists” sub- 
liminally examine details of an image, and, if asked specifically about 
particular features of it, they are able to say whether one characteristic 
or another is important diagnostically. 

In accordance with these concepts, in 2004 we published a textbook 
entitled Practical Pulmonary Pathology: A Diagnostic Approach 
(PPPDA). That monograph was designed around a pattern-based 
method, wherein diseases of the lung were divided into six categories 
on the basis of their general image profiles. Using that technique, one 
can successfully segregate pathologic conditions into diagnostically 
and clinically useful groupings. 

The merits of such a procedure have been validated empirically by 
the enthusiastic feedback we have received from users of our book. In 
addition, following the old adage that “imitation is the sincerest form 
of flattery,” since our book came out other publications and presenta- 
tions have appeared in our specialty with the same approach. 

After publication of the PPPDA text, representatives at Elsevier, 
most notably William Schmitt, were enthusiastic about building a 
series of texts around pattern-based diagnosis in pathology. To this end 
we have recruited a distinguished group of authors and editors to 
accomplish that task. Because a panoply of patterns is difficult to 
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approach mentally from a practical perspective, 
we have asked our contributors to be complete 
and yet to discuss only principal interpretative 
images. Our goal is eventually to provide a 
series of monographs which, in combination 
with one another, will allow trainees and prac- 
titioners in pathology to use salient morpho- 
logical patterns to reach with confidence final 
diagnoses in all organ systems. 

As stated in the introduction to the PPPDA 
text, the evaluation of dominant patterns is aided secondarily by the 
analysis of cellular composition and other distinctive findings. There- 
fore, within the context of each pattern, editors have been asked to use 
such data to refer the reader to appropriate specific chapters in their 
respective texts. 

We have also stated previously that some overlap is expected 
between pathologic patterns in any given anatomic site; in addition, 
specific disease states may potentially manifest themselves with more 
than one pattern. At first, those facts may seem to militate against the 
value of pattern-based interpretation. However, pragmatically, they do 
not. One often can narrow diagnostic possibilities to a very few entities 
using the pattern method, and sometimes a single interpretation will 
be obvious. Both of those outcomes are useful to clinical physicians 
caring for a given patient. 

It is hoped that the expertise of our authors and editors, together 
with the high quality of morphologic images they present in this 
Elsevier series, will be beneficial to our reader-colleagues. 


Kevin O. Leslie, MD 
Mark R. Wick, MD 
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Anatomic pathology is a pattern-based disci- 
pline; we recognize the patterns cells make on a 
cytology smear preparation, the architecture of 
a tumor, and the pattern of fibrosis in a kidney 
biopsy from a hypertensive patient. One might 
question, though, how one textbook can encom- 
pass the patterns of injury within the kidney 
wrought by hypertension, infection, renal cell 
carcinoma, polycystic kidney disease, thrombo- 
sis, ANCA antibodies, and amyloid and heredi- 
tary nephritis, for example, into eight patterns of 
injury. Well read on; we aim to show you. 
Pattern-based diagnostic approach: As you examine an H&E 
stained section of kidney at low magnification you notice certain varia- 
tions from the normal architecture. For instance, at scanning magnifi- 
cation you may observe a nodular process involving the parenchyma. 
The nodules appear solid, not cystic, and are reasonably well demar- 
cated. So within just a few seconds you have narrowed your differential 
diagnosis to a nodular process involving the renal parenchyma. At 
higher magnification you see that the nodule is composed of spindled 
cells with a few thick-walled vessels, admixed with areas of adipose 
tissue. You conclude that the nodule is an angiomyolipoma. You also 
see that the surrounding parenchyma contains a few cysts, and you 
begin to wonder if the patient might have tuberous sclerosis. Focusing 
on the glomeruli, you again notice a nodular pattern; however, these 
nodules are within the glomerular mesangium, and you think that 
perhaps the patient has diabetes mellitus. So by using a pattern-based 
approach you have formulated the highly probable diagnosis of angio- 
myolipoma in a patient with tuberous sclerosis who is also diabetic. 
Chapter arrangement: The text begins with an overview of normal 
renal development and morphology in Chapter 1. Subsequent chapters 
are organized to cover non-neoplastic renal diseases in Chapters 2 
through 9 and neoplastic renal diseases in Chapters 10 through 15. 
Chapter 3 provides an overview of renal biopsy processing and an 
algorithmic approach to the work-up and diagnosis of non-neoplastic 
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or “medical” diseases of the kidney. Chapter 10 
reviews types of specimens encountered and 
the use of ancillary studies that are helpful in 
the diagnosis of neoplastic renal diseases. The 
remaining chapters are organized by major cat- 
egory of injury or neoplastic involvement and 
consistently include information relating to inci- 
dence and demographics, pathogenesis, clinical 
features, radiologic and gross features if appro- 
priate, microscopic findings, differential diagno- 
sis, and, finally, treatment and prognosis. All 
chapters are amply illustrated with high-quality photographs and tables 
that compare and contrast similar or pathogenically related entities. 

The authors: Each chapter is authored by experts who have honed 
their skills through intense study and daily diagnostic work. Some are 
university based and others work in private practice, resulting in a text 
that is both cutting edge and practical. Each author presents practical, 
up-to-date information in a straightforward and sensible manner that 
supports knowledge acquisition and accurate diagnosis in the most 
efficient way possible. 

Concluding remarks: The kidneys are paired organs that can be 
damaged in a number of ways. It is our hope that by using the knowl- 
edge gained from this textbook you will approach biopsies or resected 
kidney specimens by first noticing patterns of injury both macroscopi- 
cally and microscopically that then lead you to the final correct 
diagnosis. 

Whether your interest in the kidney lies in neoplastic diseases or 
medical diseases, it is vitally important that the entire kidney be con- 
sidered. As in our example above, don’t stop after you have diagnosed 
the renal tumor; evaluate the non-neoplastic renal parenchyma as well. 
Patient morbidity is often influenced more by the state of the kidney 
left behind than by the tumor that was removed. 


Donna J. Lager, MD 
Neil A. Abrahams, MD 


Like all good things, this textbook took time, a lot of time. Over the 
few years it took to complete, the content was carefully crafted by a 
number of dedicated individuals who were able to find the time—often 
on weekends, evenings, and holidays—to bring this book to fruition. I 
would first and foremost like to thank all the authors for their dedica- 
tion to this project and their tolerance of our, sometimes not so gentle, 
prodding and my co-editor Dr. Neil Abrahams, who steered a steady 
course. I was first drawn to the study of renal diseases while an intern 
at Tucson Medical Center. My interest was further stimulated while 
I was a pathology resident at the University of Iowa under the early 
mentorship of Dr. Stephen Bonsib, and later when as a fellow I had the 
opportunity to study with Drs. Barbara Rosenberg and Jay Bernstein 
in Royal Oak, Michigan. I would not be an editor of this textbook, 
however, were it not for the opportunities I had during the 12 years I 
spent at the Mayo Clinic in Rochester, Minnesota, leading the Ana- 
tomic Pathology Renal Biopsy Laboratory and Renal Pathology 
Working Group and diagnosing thousands of kidney biopsies. Thanks 
to Dr. Jeff Myers for making the call back in 1996 and giving me that 
opportunity. Special thanks also to Dr. Keith Holley, professor emeri- 
tus, who guided me through my early years at Mayo and to my nephrol- 
ogy colleagues—particularly Drs. Fernando Cosio, Fernando Fervenza, 
Vicente Torres, Karl Nath, and James Gloor—who made the study of 
renal diseases, including renal allografts, exciting and fun and who by 
their example fortified my belief that care of the patient is always fore- 
most. I am grateful for the support of my colleagues at ProPath, who 
had the foresight to start a renal pathology service, and to Dr. Matthew 
Lewin, who shares my passion for all things kidney. And last, but by 
no means least, I wish to acknowledge the unwavering support I 
receive from my husband, Steve Jacobsen, and my children, Katie and 
Kristin, who are and always will be my inspiration. 


Donna J. Lager, MD 
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Diagnosis 


Global glomerulosclerosis 
Segmental glomerulosclerosis 

Mesangial sclerosis 

Interstitial fibrosis (vascular, tubulointerstitial, glomerular) 
Arteriosclerosis (hypertensive) 

Fibromuscular dysplasia 


ing (sclerosis, fibrosis) process 


Beas glomerulosclerosis 


Thrombotic microangiopathy (glomerular, arteriolar) 
Arterial thrombosis 
Arterial atheroemboli 


Necrotizing and crescentic GN 
Necrotizing arteritis 

Acute tubular necrosis 
Cortical necrosis/infarct 
Papillary necrosis 


lobulin/light-chain deposition disease 


‘Minimal alterations Minimal change disease 

Thin GBM nephropathy 

Early Alport nephropathy 

Focal segmental glomerulosclerosis (unsampled lesion) 
Necrotizing and crescentic GN (unsampled lesion) 
Normal protocol allograft biopsy 

Acute tubular injury, mild 


Inflammatory (Hypercellular) Process 


Aer 


min ba 


Elements of the pattern: This kidney specimen is involved by a hypercellular process 
within the interstitium that spares the glomeruli. Inflammatory processes may be localized 
to glomeruli or arteries, and/or involve the interstitium. If the glomeruli are involved, the 
cells may be mesangial only, involve one or more glomerular capillaries, or involve 
Bowman's space (cellular crescent). Interstitial inflammation may be patchy or diffuse, is 
often accompanied by edema or fibrosis, and typically spares the glomeruli if the process is 
primary. Reactive inflammatory processes include a mixture of cells; however, malignant 
processes such as this lymphoma are more monomorphic. Arterial inflammation may be 
partial or complete and is often associated with fibrin deposition. 


Pattern-Based Approach to Diagnosis 


Additional Findings 


Pattern 1 Inflammatory (Hypercellular) Process 


Diagnostic Considerations 


Chapter:Page 


Interstitial granulomas Sarcoidosis CH TABS 
Infection E: 7135 
Granulomatosis with polyangiitis Ch. 7:134 
Drug-related interstitial nephritis Ch. 7:134 
Xanthogranulomatous pyelonephritis Ch. 7:142 
alacoplakia Ch. 7:142 
Atypical interstitial infiltrates Lymphoma/leukemia Ch. 7:150,154; Ch. 15:328 
yeloma Ch. 7:149 
Some metastatic neoplasms Ch532 
Sclerosing extramedullary hematopoietic tumor Ch. 7:155 
Intranuclear inclusions Viral infection 
—Polyoma virus Ch. 7:143: Ch. 9:197 
—Adenovirus Ch. 9:198 
—Cytomegalovirus (CMV) Ch. 9:196 
Interstitial and tubular crystals/casts Oxalate nephropathy Ch. 7:148 
Phosphate nephropathy Ch. 7:146 
Ethylene glycol intoxication Ch. 7:148 
Indinavir toxicity Ghavaley 
Light-chain cast nephropathy Gime ski Ca, 72149), 151 
Tubular epithelial crystals Light-chain Fanconi syndrome Gi, #52 
Intratubular neutrophils Acute pyelonephritis Ch. 7:128, 139 
Eosinophil-rich interstitial infiltrate Allergic acute interstitial nephritis Ch. 7:129 
Nodular, plasma-cell and eosinophil-rich infiltrates |gG4-related tubulointerstitial nephritis (TIN) Ch 7188 
Hypocomplementemic TIN Ch. 7:131 
Tubulointerstial nephritis-uveitis syndrome (TINU) Chais 
Tubular basement membrane (TBM) IF staining, granular Hypocomplementemic TIN Ch. 7:131 
Connective tissue diseases Gi, S72 Ga, 71132 
\gG4-related TI Ch. 7:133 
Drug-related interstitial nephritis Ch. 7:129 
Childhood membranous nephropathy eh TABO 
Tubular basement membrane IF staining, linear Anti-TBM-associated TIN Ch. 7:130 
Anti-GBM-mediated GN C TBO 
Monoclonal immunoglobulin deposition disease Ch. 5:93 
Peritubular capillary cells Antibody-mediated rejection Ch. 9:189, 192 
Glomerular neutrophils Acute postinfectious GN Ch. 4:74 
Segmental necrotizing GN Ch. 4:98 
Antibody-mediated rejection Ch. 9:188 
Capillary wall double contours Membranoproliferative GN Ch. 4:72 
Diffuse proliferative lupus nephritis Ch. 5:87 
Chronic thrombotic microangiopathy Ch. 5:109 
Chronic transplant glomerulopathy Ch. 9:190 
Intracapillary deposits Cryoglobulinemia Ch. 5:95 
Lupus nephritis Ch. 5:85 
Fibrin thrombi Ch. 9:188 
Lipoprotein glomerulopathy Ch. 6:121 
Extraglomerular cellular proliferation Collapsing glomerulopathy Ch. 5:97; Ch. 6:124 
Pauci-immune crescentic GN Ch. 5:101 
Immune complex-mediated GN Ch. 4:69 
Anti-GBM antibody—associated GN Ch. 5:98 
Arteritis Microscopic polyangiitis e E CG OS 
Polyarteritis nodosa Ch. 8:171 
Takayasu arteritis Ch. 8:172 
Giant cell arteritis Ch. 8:173 
Kawasaki disease Ch. 8:174 
Acute rejection (allograft) Ch. 9:186 
Cryoglobulinemia Ch. 5:94 
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Pattern 2 Scarring (Sclerosis, Fibrosis) Process 


Elements of the pattern: Interstitial fibrosis from any cause is usually accompanied by 
tubular atrophy and globally sclerotic glomeruli. The chronic phase of interstitial fibrosis 
tends to be pauci-cellular; however, aggregates of lymphocytes may be present. Primary 
vascular scarring (arteriosclerosis) is often accompanied by interstitial fibrosis and global or 
segmental glomerulosclerosis; however, segmental glomerulosclerosis may occur as an 
idiopathic process. Interstitial scarring secondary to infarction may be sharply demarcated 
from the adjacent renal parenchyma and may be grossly depressed. 
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Pattern 2 Scarring (Sclerosis, Fibrosis) Process 


Additional Findings Diagnostic Considerations Chapter:Page 
Diffuse interstitial fibrosis Chronic interstitial nephritis Ch. 7:129 
Ischemic nephropathy Ch. 8:165 
Chinese herb nephropathy Ch. 7:136 
Focal interstitial fibrosis Cortical infarct(s) Ch. 8:163 
Hypertensive nephrosclerosis Ch. 8:160 
Healed acute glomerulonephritis (GN) Ch. 5:102 
Chronic pyelonephritis Ch. 7:140 
—Reflux nephropathy Ch. 7:140 
Chronic calcineurin inhibitor toxicity Ch. 9:193 
Subcapsular interstitial fibrosis Hypertensive nephrosclerosis Ch. 8:160 
Renal allograft (interstitial fibrosis and tubular atrophy) Ch. 9:191 
Arteriosclerosis Hypertensive nephrosclerosis Ch. 3:52; Ch. 8:161 
Healed arteritis Ch. 8:172 
Chronic rejection (allograft) Ch. 9:187 
Systemic sclerosis Ch. 8:175 
Fibromuscular dysplasia Ch. 8:167 
Global glomerulosclerosis Hypertensive nephrosclerosis Ch. 8:160 
Cortical infarct Ch. 8:163, 168 
Healed acute GN Ch. 5:102 
Ischemic obsolescence (aging) Ch. 8:161 
Segmental glomerulosclerosis Idiopathic focal segmental glomerulosclerosis (FSGS) Ch. 4:60 
Genetic FSGS Ch. 6:124 
Healed segmental necrotizing GN Ch. 5:102 
Healed segmental proliferative GN Ch. 4:69 
Mesangial sclerosis Hypertensive nephrosclerosis Ch. 8:161 
Diabetic glomerulosclerosis Ch. 5:82 
Monoclonal immunoglobulin deposition disease Ch. 5:92 
Idiopathic nodular glomerulosclerosis Ch. 5:84 
Fibrillary glomerulonephritis E S0 
Diffuse mesangial sclerosis Ch. 6:124 
Myeloproliferative neoplasm-related glomerulopathy Gha 55 
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Pattern 3 Nodular Process 
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Elements of the pattern: The kidney specimen is involved by a cortical neoplasm 
forming a well-demarcated nodule. The nodule is cellular with a blue appearance at low 
magnification. Interstitial nodules are variably cellular, whereas glomerular nodules tend to 


be hypocellular or acellular. 
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Additional Findings 


Diagnostic Considerations 


Pattern 3 Nodular Process 


Chapter:Page 


Clear cells Renal cell carcinoma, clear cell type Ci, 12:227 
Xp11.2 translocation tumor Ch. 14:291 
Angiomylipoma (adipose) Ch. 13:269 
Small basophilic cells Nephroblastoma (blastema) Git, 25 
Nephrogenic rests Ch. 11:216 
Clear cell sarcoma Ch. 11:223 
Metanephric adenoma Cn, 1223 
Papillary renal cell carcinoma (RCC) (type 1) Ch. 12:238 
Papillary adenoma Ch. 12:260 
Carcinoid tumor Ch. 14:307 
Ewing sarcoma/PNET Ch. 13:287 
Malignant lymphoma Ch. 15:328 
Eosinophilic cells Oncocytoma Ch. 12:262 
Chromophobe carcinoma Ch. 12:246 
Papillary RCC (type 2) Ch. 12:241 
Collecting duct carcinoma Ch. 12:250 
Renal medullary carcinoma Gi, 12251 
RCC associated with neuroblastoma Ch. 11:224 
Mucinous tubular and spindle cell carcinoma Ch. 14:299 
Rhabdoid tumor Cm 11:223 
Angiomyolipoma (epithelioid variant) Cn, 12273 
Juxtaglomerular cell tumor Ch. 14:304 
Spindled cells Angiomyolipoma Ch. 13:269 
Metanephric stromal tumor Ch. 11:224 
Nephroblastoma (stroma) C S 
Synovial sarcoma Ch. 13:286 
Leiomyoma ch. 13:279 
Leiomyosarcoma Ch. 13:283 
Solitary fibrous tumor Ch. 13:282 
Renomedullary interstitial cell tumor Ch. 15:327 
Mixed epithelial and stromal tumor Ch. 14:300 
Sarcomatoid RCC Ch, 12255 
Papillary architecture Papillary RCC Ch. 12:238 
Papillary adenoma Ch. 12:260 
Xp11.2 translocation tumor Ch. 14:291 
Papillary urothelial carcinoma C S 
Glands or tubules, benign or mild atypia Metanephric adenoma Ch. 11:224 
Mucinous tubular and spindle cell carcinoma Ch. 14:299 
Oncocytoma Ch. 12:262 
Glands or tubules, malignant Collecting duct carcinoma Cn, IAS 
Nephroblastoma Ci 125 
Ewing sarcoma Ch. 13:287 
Xp11.2 translocation tumor Ch. 14:291 
Tubulocystic carcinoma Ch. 12:257 
Metastatic adenocarcinoma Ga. 15532 
Nodules with cysts Cystic RCC Ch. 12:236 
Cystic nephroma Ch. 14:300 
Mixed epithelial and stromal tumor Ch. 14:300 
Cystic partially differentiated nephroblastoma Ci, 1221 
Synovial sarcoma Ch. 13:286 
Interstitial granulomata Sarcoidosis Cn w15 
Infection 
—Fungal Ca. #21135 
—Mycobacterial Ch. 7:135 
Granulomatosis and polyangiitis Ch. 7:134 
Drug-related interstitial nephritis Ch. 7:134 
Global glomerulosclerosis Hypertensive nephrosclerosis Ch. 8:160 
Cortical infarct Ch. 8:163 
Healed acute glomerulonephritis Ch. 5:102 
Nodular mesangial sclerosis Diabetic glomerulosclerosis Ch. 3:50; Ch. 5:82 
Light-chain deposition disease Ch. 3:50 
Idiopathic nodular glomerulosclerosis Ch. 5:84 
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Cystic Process 


Elements of the pattern: Cystic processes involving the kidney are diffuse in polycystic 
kidney disease and multicystic dysplasia; however, cystic neoplasms are more localized and 
circumscribed. Cystic neoplasms may be accompanied by nodular areas containing cells or 
fibrous stroma. In polycystic kidney disease, the adjacent renal parenchyma appears 
normal; however, in multicystic renal dysplasia, the renal parenchyma is abnormal with 
abortive glomeruli and tubules and focal cartilage. 
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Additional Findings 


Diffuse cystic process 


Unilateral or localized cysts 


Glomerular cysts, diffuse 


Microcysts 


Cysts with clear cell lining 


Cysts with eosinophilic cell lining 


Cysts with flat or hobnail lining 


Cysts with ovarian-like stroma 


Cysts with blastemal stroma 


Diagnostic Considerations 


Autosomal dominant polycystic kidney disease (ADPKD) 
Autosomal recessive polycystic kidney disease (ARPKD) 
Acquired cystic kidney disease 

ulticystic renal dysplasia 

Associated with malformation syndromes 


Unilateral renal cystic disease 

Solitary renal cysts 

Unilateral multicystic dysplasia 

edullary sponge kidney 

ephronophthisis and medullary cystic kidney disease 
Acquired cystic disease 


Glomerulocystic kidney disease 
—PKD-associated 
—Hereditary 
—Syndromic 
—Obstructive 
—Sporadic 


Congenital nephrotic syndrome of the Finnish type (NPHS1) 
Thyroid-like follicular carcinoma of the kidney 


Cystic renal cell carcinoma 
Simple cortical cyst(s) 
Von Hippel-Lindau syndrome 


Tuberous sclerosis complex 
Cystic oncocytoma 


Cystic nephroma 

Cystic partially differentiated nephroblastoma 
Tubulocystic carcinoma 

Mixed epithelial and stromal tumor 


Mixed epithelial and stromal tumor 


Cystic partially differentiated nephroblastoma 


Cystic Process 
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Pattern 5 Thromboembolic Process 


Elements of the pattern: Thromboembolic processes affect glomeruli, arteries and, 
rarely, venules. Glomerular capillary thrombi are associated with mesangial dissolution 
(mesangiolysis); however, no significant inflammation is present. An interlobular-type artery 
containing a cholesterol atheroembolus is shown. 
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Pattern 5 Thromboembolic Process 


Additional Findings Diagnostic Considerations Chapter:Page 
Glomerular capillary thrombi with mesangial Thrombotic microangiopathy Ch. 5:107 
breakdown (mesangiolysis) —Thrombotic thrombocytopenic purpura Ch. 5:107 
—Hemolytic-uremic syndrome Ch. 5:108 
—Acute calcineurin inhibitor toxicity Ch. 9:193 
—Antibody-mediated rejection Ch. 9:188 
—Chemotherapeutic agents Ch. 5:107 
—Radiation nephropathy Ch. 5:107 
—Antiphospholipid antibodies Ch. 5:87 
Glomerular capillary thrombi without mesangiolysis Disseminated intravascular coagulation (DIC) Ch. 5:109 
Cryoglobulinemia Ch. 5:95 
Lupus nephritis Ch. 5:85 
Lipoprotein glomerulopathy Ch. 6:121 
Arterial/arteriolar thrombi Malignant hypertension Ch. 8:178 
Systemic sclerosis Ch. 8:176 
Antiphospholipid antibodies Ch. 5:87 
Cryoglobulin Ch. 5:94 
Emboli Cholesterol atheroemboli Ch. 352 
Neoplastic Cn, SEH? 


Venous thrombosis Renal vein thrombosis Ch. 8:179 
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Pattern 6 Necrotizing (Necrotic, Necrosis) Process 


Elements of the pattern: Necrosis may involve glomeruli and arteries in vasculitic 
syndromes and may focally or diffusely affect the tubulointerstitial compartment in 
ischemic settings or with arterial thrombosis. Large-vessel vasculitis may also lead to 
localized cortical necrosis secondary to arterial occlusion. 
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Additional Findings 


Focal and segmental glomerular necrotizing and crescentic 
process with immune deposits 


Focal and segmental glomerular necrotizing and crescentic 
process without immune deposits 


Necrotizing and crescentic GN with linear capillary wall IgG 


Arteritis 


Localized or diffuse cortical necrosis 


Papillary necrosis 


rn 6 Necrotizing (Necrotic, Necrosis) Process 


Diagnostic Considerations 


IgA nephropathy 


Acute postinfectious glomerulonephritis (GN) 


Membranoproliferative GN 
Lupus nephritis 

Fibrillary GN (rare) 

Membranous nephropathy (rare) 


Microscopic polyarteritis 
Granulomatosis with polyangiitis 
Churg-Strauss syndrome 


Anti-GBM-mediated disease 
—Goodpasture syndrome 
—Anti-GBM nephritis 


Microscopic polyangiitis 
Polyarteritis nodosa 
Takayasu arteritis 

Giant cell arteritis 
Kawasaki disease 

Acute rejection (allograft) 
Cryoglobulinemia 


Arterial thrombosis 
Cholesterol atheroemboli 
Renal hypoperfusion 
Hyperacute rejection (allograft) 
Arteritis 


Diabetes mellitus 
Sickle cell disease 
Analgesic nephropathy 
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Deposition Diseases 


od a 
2 L > -sai = me 2 ae. 
Elements of the pattern: Material produced outside the kidney may deposit in 
glomeruli, in artery walls, and within the interstitium. The composition of this material may 
be determined by staining qualities with various stains by light microscopy or by applying 
appropriate antibodies to frozen or paraffin-embedded tissue sections. Pale staining 


material (amyloid) is present within the mesangium of the glomeruli and the walls of 
arteries pictured. 
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Pattern 7 Deposition Diseases 


Additional Findings Diagnostic Considerations Chapter:Page 

PAS-positive mesangial expansion Diabetic glomerulosclerosis Ch. 3:50 
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PAS-negative mesangial expansion Amyloidosis Ch. 3:50; Ch. 5:89 

Silver-positive mesangial expansion Diabetic glomerulosclerosis Ch. 3:50 
Hypertensive nephrosclerosis Ch. 8:160 

Silver-negative mesangial expansion Monoclonal immunoglobulin deposition disease Ch. 3:50; Ch. 5:92 
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Congo red-positive Amyloidosis Ch. 5:90 
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Monoclonal immunoglobulin deposition disease Ch: 5:92 
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Pattern 8 Minimal Alterations 


Elements of the pattern: A number of disease processes can result in renal dysfunction 
without producing significant morphologic alterations. 
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Thin glomerular basement membrane (GBM) nephropathy Ch. 6:113 
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Focal segmental glomerulosclerosis (FSGS) (unsampled lesion) Ch. 4:60 
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Normal tubules Mild acute tubular injury ln, ee Gn. 3-51 
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Tubular epithelial protein reabsorption droplets Minimal change disease Ch. 4:59 
Early membranous nephropathy Ch. 4:65 
Peritubular capillary neutrophils Antibody-mediated rejection Ch. 9:189 
Mild acute tubular injury Ch. 7:144 


Podocyte inclusions Fabry disease Ch. 6:118 
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DEVELOPMENT OF THE KIDNEY 


The kidneys and excretory duct system are derived from intermediate 
mesoderm, which is defined early in embryonic development. In 
humans, three sets of excretory organs are formed: the pronephric 
kidney, the mesonephric kidney, and the definitive excretory organ, the 
metanephric kidney. Careful histopathologic studies have been supple- 
mented with model systems derived from the mouse and other animals 
to define basic mechanisms of renal embryogenesis. Pioneering meta- 
nephric culture studies performed by Grobstein’ and others have 
clearly shown that reciprocal inductive interactions between the devel- 
oping ureteric bud and the metanephric mesenchyme are essential for 
normal renal development. The use of mice bearing targeted deletions 
in developmentally regulated genes has greatly facilitated our under- 
standing of the patterns of genes associated with critical steps in renal 
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organogenesis. Finally, genetic characterization of human syndromes 
associated with abnormalities in renal development has established the 
clinical relevance of studies employing model systems. In this chapter, 
we provide an overview of the morphologic patterns of renal develop- 
ment, a summary of key genes associated with renal embryogenesis, 
and an analysis of a few of the many human syndromes characterized 
by abnormal renal development. 


Origin of Primordial Cells Destined to Become 
the Kidney 


During the third week of gestation, epiblast cells surrounding the 
primitive streak—a groove along the longitudinal midline axis of the 
human embryo—migrate to form definitive endoderm and intraem- 
bryonic mesoderm. The mesoderm cells aggregate into structures on 


Lateral plate 
mesoderm 
Intermediate 

mesoderm 
Paraxial 
mesoderm 
Figure 1-1. Schematic of the developing human embryo at 3 weeks’ gestation. During 
gastrulation, epiblast cells surrounding the primitive streak (a longitudinal midline 
groove in the developing embryo) migrate to form the paraxial, intermediate, and lateral 
plate mesoderm. 


both sides of the notochord (Fig. 1-1). The mesoderm that condenses 
closest to the notochord—the paraxial mesoderm—becomes cartilage, 
skeletal muscle, and dermis. The mesoderm that aggregates furthest 
from the notochord—the lateral plate mesoderm—becomes the circu- 
latory system and the body cavity. The intermediate mesoderm, which 
aggregates between the paraxial and lateral plate mesoderm, gives 
rise to the kidneys, parts of the gonads, and the male genital duct 
system (Fig. 1-2). 
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Three Sets of Excretory Organs Formed in 
Kidney Development 


Pronephric Kidney 


The first morphologic evidence of human renal development occurs at 
the end of the third week of gestation (approximately embryonic day 
8 [E8] in the mouse, which has a gestation period of approximately 21 
days). Signals from the surface ectoderm induce cells in the intermedi- 
ate mesoderm to differentiate into the nephric duct. The most primitive 
excretory organ, the pronephros, appears in the cervical region of the 
embryo early in the fourth week of gestation (between E8.5 and E9.5 
in the mouse) (Fig. 1-3). The pronephros is formed from five to seven 
paired segments of intermediate mesoderm, which condense to form 
tubular vesicles. The proximal ends of the tubules open into the coelom, 
and the distal ends join to form the pronephric ducts. The pronephric 
ducts traverse the intermediate mesoderm and open into the cloaca. 
Although the pronephroi are rudimentary and never form functional 
nephrons in the developing human embryo, the pronephric duct is 
essential to the subsequent development of the kidney. 


Mesonephric Kidney 


In the fourth week of development (or E8.5 to E9.5 in mice), the pro- 
nephric kidney is replaced by the mesonephric kidney, which arises 
from intermediate mesoderm surrounding the vertebral column in the 
upper thoracic to midlumbar region (see Fig. 1-3). Nearly 40 meso- 
nephric tubules are formed in succession from cervical to sacral, but 
as the more sacral tubules are formed, the cervical ones involute. The 
expanded medial end of the mesonephric tubule—which makes Bow- 
man’s capsule—is invaded by blood vessels that sprout from the dorsal 
aorta. The capillaries projecting into the capsule become the glomeru- 
lus. Together, Bowman’s capsule and the glomerulus form the renal 
corpuscle. The lateral end of the mesonephric tubule joins to the meso- 
nephric duct. The renal corpuscle and its tubule form a mesonephric 
excretory unit very similar to the nephron of the adult kidney. 

The mesonephric duct is derived from intermediate mesoderm in 
the thoracic region of the embryo early in the fourth week of gestation 
and grows caudally until it reaches and fuses with the cloaca. The 
region of fusion eventually becomes the trigone of the bladder. The 


Figure 1-2. Developmental fates of the paraxial, intermediate, and 
lateral plate mesoderm in the developing human embryo. The kidneys are 
derived from intermediate mesoderm. 
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Figure 1-3. Stages of human kidney development. The pronephros is a transitory structure. It forms from intermediate mesoderm in the cervical region that condenses to form 
nephric vesicles. The pronephros disappears by day 24 or 25 and is replaced by the mesonephros. The mesonephric tubules differentiate into structures resembling the adult nephron. 
The definitive kidney arises from the metanephros, which is induced in the 5th week of gestation by the ureteric bud that sprouts from the mesonephric duct. 


mesonephric excretory units are functional between 6 and 10 weeks 
of gestation and produce small amounts of urine. After 10 weeks, the 
mesonephric kidney involutes. In the presence of testosterone, the 
mesonephric duct develops into the efferent ducts, the epididymis, 
the vas deferens, the seminal vesicle, and the prostate. The lack of 
testosterone in females leads to degeneration and involution of the 
mesonephric duct. 


Metanephric Kidney 


The metanephric or permanent kidneys develop from intermediate 
mesoderm early in the fifth week of gestation (E10.5 in mice) (see Fig. 
1-3). The metanephric kidney develops from two sources, the ureteric 
bud and a mass of intermediate mesoderm surrounding the ureteric 
bud, the metanephric blastema.' Differentiation of the kidney from the 
ureteric bud and metanephric blastema requires reciprocal inductive 
interactions from both components: the ureteric bud provides signals 
that promote survival of the metanephric mesenchyme, and signals 
provided by the mesenchyme stimulate growth and branching of the 
ureteric bud. 

The ureteric bud arises from the distal portion of the mesonephric 
duct and is the origin of the collecting ducts, calyces, renal pelvis, and 
ureter. On day 32, the ureteric bud penetrates the intermediate meso- 
derm in the sacral region, bifurcating at the point of penetration, and 
induces differentiation of the metanephric blastema. The stalk of the 
ureteric bud becomes the ureter, and its expanded tip forms the future 
renal pelvis. Subsequent branching of the ureteric bud leads to the 
development of major and minor calyces. By 32 weeks’ gestation, the 
ureteric bud has divided enough times to produce 1 to 3 million 
collecting tubules (ducts). 

The nephrons are derived from metanephric blastema that con- 
denses around the ureteric bud. The condensed mesenchyme under- 
goes a characteristic series of morphologic changes, including the 
comma-shaped body and the S-shaped body, and elongates to produce 
metanephric tubules (Fig. 1-4). Blood vessels at the proximal end 


of the tubule form a glomerulus, and the tubular epithelium surround- 
ing the developing glomerulus becomes Bowman's capsule. The 
metanephric tubule differentiates to form the proximal convoluted 
tubule, the descending and ascending limbs of the loop of Henle, and 
the distal convoluted tubule (Fig. 1-5). By the 10th week, the end 
of each distal convoluted tubule connects to the collecting tubule, 
the tubules become confluent, and the metanephric units become 
functional. 


Change in the Position of the Kidneys 


When the abdomen and pelvis grow during the sixth through ninth 
weeks, the kidneys gradually ascend to the lumbar region and move 
farther apart to lie below the adrenal glands on either side of the dorsal 
aorta. The reason for this migration is not clear, but it may involve the 
differential growth of the sacral and lumbar regions in the developing 
fetus. When the kidneys migrate to the abdomen, they are revascular- 
ized by branches from the dorsal aorta. 


Mechanisms of Renal Development 


Several hundred genes have been shown to play a role in renal develop- 
ment. Grobstein conducted a series of classic organ culture experi- 
ments to demonstrate that metanephric kidney development involves 
a series of reciprocal inductive interactions between the metanephric 
mesenchyme and the ureteric bud' (see Fig. 1-5). Experiments employ- 
ing genetically engineered mice containing targeted gene deletions 
have been used to establish a critical role of genes encoding growth 
factors/growth factor receptors, cell survival/apoptosis regulatory mol- 
ecules, transcription factors, pattern recognition or homeobox pro- 
teins, and cell adhesion molecules in renal development. The phenotype 
of these knockout mice has revealed that the developmental repertoire 
of the kidney is complex. In some cases, deletion of genes thought 
to have a critical role in morphogenesis produces a normal renal 
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Figure 1-4. Development of the nephron. The collecting duct arises from subsequent branching of the ureteric bud. The intermediate mesoderm at the distal end of each bifurca- 
tion condenses to form a vesicle, which subsequently elongates to become a tubule. This structure becomes the proximal tubules, loop of Henle, and distal tubules. The tubule also 
differentiates into parietal epithelium—Bowman’s capsule—which surrounds the developing glomerular capillary loops. 


phenotype, presumably due to functional redundancy of at least some 
proteins during renal development. Characterization of the renal 
phenotype in knockout mice involves the study of gene products that 
are downstream of signaling pathways initiated by the target gene. If 
deletion of a target gene leads to a complete arrest in renal develop- 
ment, it may not be possible to establish a direct cause-and-effect 
relationship between deletion of the target gene and loss of down- 
stream signaling pathways. For example, deletion of a target gene may 
prevent subsequent interactions between cells that have a direct role in 
establishing the downstream signaling pathways. A summary of genes 
critical for normal renal development that have been identified using 
knockout mice is provided in Table 1-1. 

Detailed morphologic analyses have identified several key events in 
early renal development: formation of the ductal system that makes up 


the pronephros, mesonephros, and metanephros; formation of the 
metanephric mesenchyme around the ureteric bud, a branch of the 
ductal system; and differentiation of the metanephric mesenchyme 
into the epithelial elements that make up the mature kidney. 


Formation of the Nephric Duct: Role of the Surface Ectoderm 


The first step in renal development is formation of the nephric duct. 
This requires specification of a region of intermediate mesoderm to 
become kidney. The overlying surface ectoderm is required for forma- 
tion of the nephric duct.* Bone morphogenetic protein-4 (BMP4), a 
member of the transforming growth factor-beta (TGF-B) family, 
mimics at least some of the effects of surface epithelium, including 
nephric duct formation and maintenance of Pax2 protein expression 
(see the following section).’ 
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Figure 1-5. Development of the metanephric kidney. Development of the metanephric kidney requires reciprocal inductive interactions between the ureteric bud and the meta- 
nephric blastema. These signals lead to branching of the ureteric bud, which becomes the collecting system of the kidney, and to development of a functional nephron unit, consisting 


of a glomerulus, proximal tubules, and distal tubules. 


Early Markers of Renal Development: PAX2, LHX1, WT1 


Some of the earliest markers of renal development include PAX2, 
LHX1, and WT1. Pax2 and Wt1 homologs are expressed in the pro- 
nephric kidneys of fish, which are functional.’ These factors are 
expressed in the pronephric and mesonephric kidneys. 

One of the earliest markers expressed is Lhxl, a homeodomain 
DNA-binding transcription factor first detected in visceral endoderm 
during gastrulation.* Lhx1 is first expressed in the lateral plate and 
intermediate mesoderm at E7.5 in the mouse. Expression of Lhxl 
decreases in the lateral plate and is localized to mesonephric tubules 
and the nephric duct,’ where it colocalizes with PAX2 and PAX8.° 
Formation of the placenta is abnormal in Lhx1 knockout mice.’ In the 
few animals that survive to birth, there is complete absence of all 
intermediate mesoderm-derived structures, including the kidneys, 
indicating that LHX1 is required for the earliest steps in conversion of 
intermediate mesoderm to nephrogenic structures.*” 


Pax2 is the first kidney-specific gene known to be expressed in the 
pronephros of the mouse embryo. Pax2 and Pax8 are members of a 
family of paired-box DNA-binding transcription factors that are 
expressed in the developing kidney. Like Lhx1, Pax2 is expressed in the 
intermediate mesoderm that gives rise to the kidney; both Pax2 and 
Pax8 are expressed in the nephric duct.'””” In Pax2 knockout mice, the 
presence of Pax8 may allow for early development of the nephric 
duct," but mesonephric tubules and the metanephric kidney fail to 
develop.“ Although metanephric mesenchyme forms correctly in Pax2 
knockout mice, the mesenchyme fails to express glial cell line-derived 
neurotrophic factor (GDNF), a critical factor that promotes ureteric 
bud outgrowth (see the later discussion). Deletion of both Pax2 and 
Pax8 leads to a complete loss of nephric duct formation.'* However, 
mesonephric and metanephric kidney development is normal in Pax8 
knockout mice, indicating that Pax2 can compensate for the loss of 
Pax8 in early renal development. Lhx1 is not expressed in the 
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Table 1-1. Renal Development: Phenotype of Knockout Mice 
Gene Phenotype of Knockout Mice 


Lhx1 All structures derived from intermediate 
mesoderm are absent 


Pax2 Failure of ureteric bud outgrowth 
Gdnf expression absent 
o metanephric development 


Eyal ephric duct and mesonephric tissues formed 
etanephric mesenchyme fails to aggregate 
Six1, Six2, Pax2, Gdnf expression absent 


Six] Failure of ureteric bud outgrowth 
Eyal, Gdnf, Wt1 expression normal 
Pax2, Six2, Sal1 expression absent 


Wt1 No ureteric bud outgrowth 
Six2, Gdnf, Pax2 expression normal 


Gdnf, c-Ret, or Gfral Failure of ureteric bud outgrowth 


Wnt4 Arrest of nephrogenesis at condensation stage, 
but initial branching of ureteric bud occurs 


Wt4 Failure to form pretubular aggregates 
Induces mesenchymal to epithelial transition 


Bmp7 Renal dysplasia 
Prevents apoptosis of nephrogenic mesenchyme 


intermediate mesoderm of Pax2/Pax8 double knockout embryos. In 
Lhx1 knockout mice, Pax2 is initially expressed at low levels in the 
intermediate mesoderm but is not expressed in the region of inter- 
mediate mesoderm that normally is destined to become the kidney.’ 
Wilms tumor protein-1 (WT1) limits expression of Pax2 to mesenchy- 
mal regions near the ureteric bud through direct interaction with the 
Pax2 gene." Overexpression of Pax2 leads to a cystic kidney containing 
poorly differentiated epithelium. 

These studies provide evidence that LHX1, PAX2, and PAX8 are 
the first transcription factors involved in specification of the nephro- 
genic mesoderm. LHX1 appears to act as a competence factor to 
define the region of intermediate mesoderm destined to become 
the kidney, and local activation of PAX2 and PAX8 specifies the 
kidney fate.” 


Differentiation of the Metanephric Mesenchyme: FYA, SIX, 
WNT4, BMP7 


After formation of the nephric duct, the intermediate mesoderm 
surrounding the duct condenses into metanephric mesenchyme. The 
metanephric mesenchyme, in turn, stimulates outgrowth of the ure- 
teric bud from the nephric duct. Recent studies have demonstrated that 
EYA1, a mammalian ortholog of Drosophila eyes absent (Eya), plays a 
critical role in early development of the metanephric mesenchyme." 
Eyal appears to be the first gene required for determination of meta- 
nephric blastema.” Eyal is expressed in the nephric duct and unin- 
duced metanephric mesenchyme. In Eyal knockout mice, the nephric 
duct and mesonephric tissues are formed, but the metanephric mes- 
enchyme fails to aggregate.” EYA1 appears to regulate expression of 
Gdnf and Pax2.'* EYA1 appears to interact with the mammalian ortho- 
logs SIX1 and SIX2, which are expressed in the metanephric mesen- 
chyme before invasion of the ureteric bud.”””' In Six] knockout mice, 
there is failure of ureteric bud invasion into the metanephric mesen- 
chyme, leading to massive apoptosis of the mesenchyme.” Although 


Pax2 expression is reduced in metanephric mesenchyme of Six1 
knockout mice, Eyal expression in metanephric mesenchyme is 
normal, suggesting that EYA1 acts upstream of SIX1.” Expression of 
both Eyal and Six1 was normal in Pax2 knockout mice, indicating that 
PAX2 functions later than EYA1 and SIX1 in the developing meta- 
nephric mesenchyme,” despite the fact that PAX2 plays a major role 
in pronephric and mesonephric development. 

WNT4 is required for metanephric tubule formation.” In the 
absence of WNT4, tubule formation does not take place in the meta- 
nephros, despite normal ureter growth and branching.” WNT4 is 
secreted by induced metanephric mesenchyme and appears to be a key 
mediator of mesenchymal to epithelial transformation, through regula- 
tion of cell adhesion molecules. B-catenin is induced by WNT4 and is 
found in cells undergoing mesenchymal to epithelial differentiation. 
B-catenin levels are in part regulated by glycogen synthase kinase 3 
(GSK3), which binds cytoplasmic B-catenin and targets it for intra- 
cellular degradation. WNT4 destabilizes GSK3, thereby decreasing 
the amount of B-catenin targeted for degradation. The von Hippel- 
Lindau (VHL) protein strengthens the bonds between B-catenin and 
GSK3 or adenomatous polyposis coli (APC), leading to degradation of 
B-catenin.”* 

Mesenchymal cells that are not destined to become part of the 
kidney are deleted through apoptosis, whereas cells that are destined 
to become kidney are rescued from apoptosis. Bone morphogenetic 
protein-7 (BMP7) appears to prevent apoptosis of the metanephric 
mesenchyme. Bmp7 expression is observed where the ureteric bud first 
contacts the metanephric blastema, and its expression persists through- 
out kidney development. In Bmp7 knockout mice, kidneys differentiate 
to the comma- and S-shaped stage, but further epithelial development 
is defective.*”* In vitro, BMP7 is not effective in promoting tubulogen- 
esis. However, in combination with fibroblast growth factor (FGF), 
BMP7 may render the mesenchyme capable of responding to tubulo- 
genic signals. PAX2, which is essential for metanephric kidney forma- 
tion, inhibits the expression of tumor suppressor protein 53 (tp53), 
thereby decreasing apoptosis in mesenchyme committed to develop 
along renal lines. WT1, which limits expression of Pax2 to mesenchy- 
mal regions in the immediate vicinity of the ureteric bud, also inhibits 
tp53-mediated apoptosis. Bcl2-deficient mice develop hypoplastic 
polycystic kidneys.” 


Stimulation of Ureteric Bud Outgrowth from the Nephric Duct: 
GDNF and c-RET 


The metanephric mesenchyme promotes outgrowth of the ureteric 
bud from the nephric duct. One of the critical factors produced by the 
metanephric mesenchyme that promotes ureteric bud outgrowth is 
glial-derived neurotrophic factor, or GDNF. The receptor for GDNF, 
c-RET, is one of the first kidney-specific proteins to be expressed in the 
developing nephric duct of the pronephric and mesonephric kidney.” 
Expression of c-Ret is limited to the tip of the ureteric bud. c-RET 
forms a complex with GDNF receptor œ (GFRA), which is also 
expressed in the nephric duct. The ligand for c-RET, GDNF is expressed 
in the intermediate mesoderm. GDNF activates c-RET and stimulates 
proliferation of ureteric bud cells and branching of the ureteric bud.” 
GDNF is a chemoattractant for c-Ret-expressing cells. Mice with 
homozygous deletions of Gdnf, c-Ret, or Gfra have similar phenotypes— 
near-complete renal agenesis due to a block in ureteric bud out- 
growth.” BMP4 appears to limit expression of Gdnf to mesenchymal 
regions in the immediate vicinity of the ureteric bud. This appears to 
prevent ectopic bud formation. 

In uninduced mesenchyme, PAX2 is required for Gdnf expression.” 
The metanephric mesenchyme forms normally in Pax2 knockout mice, 
but the mesenchyme fails to express Gdnf.” In Eyal knockout mice, 
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the metanephric mesenchyme fails to express Pax2, Sixl, or Gdnf.”” 
However, Gdnf expression in metanephric mesenchyme is normal in 
Six1 knockout mice, despite the fact that the ureteric bud fails to form 
from the nephric duct.” These studies suggest that EYA1, SIX1, and 
PAX2 function in a pathway to mediate competence of the mesen- 
chyme to induce branching of the ureteric bud through regulation of 
Gdnf expression.” 

Gdnf expression also depends on expression of Hox genes. Hox 
genes are members of a large family of homeotic genes, which are 
transcription factors that bind specific DNA sequences and control 
expression of a number of genes responsible for development of the 
embryo. Hoxal1, Hoxc11, and Hoxd11 are expressed in the metaneph- 
ric blastema, but not the nephric duct or ureteric bud.*! As described 
in other organ systems, there is functional redundancy among at least 
some Hox11 family members.” For example, Hoxall and Hoxd11 
knockout mice have normal kidneys, whereas Hoxa11/Hoxd11 double 
mutants have renal hypoplasia.” Deletion of Hoxa11/Hoxc11/Hoxd11 
produces renal agenesis, with complete loss of metanephric kidney 
induction.*' These knockouts have complete loss of Gdnf expression in 
the metanephric mesenchyme and subsequent failure of ureteric bud 
outgrowth, despite normal Pax2 and Wt1 expression.*' Although Eyal 
expression is normal, there is loss of Six2 expression. These studies 
indicate that HOX11 and EYA1 proteins activate Six2 expression in 
metanephric blastema, leading to Gdnf expression. Given that Pax2 
expression is normal in Eyal and Hoxa11/Hoxc11/Hoxd11 mutants, 
Pax2 by itself does not appear sufficient to induce Gdnf. 


Branching of the Ureteric Bud: WT1, c-RET, EMX2, and 
Growth Factors 


After initial induction of the metanephric mesenchyme, reciprocal 
inductive interactions promote branching of the ureteric bud. A 
number of factors appear to be responsible for ureteric bud branching. 
In the intermediate mesoderm, expression of WI is the earliest sign 
of commitment to renal development. WT1 is essential for competence 
of mesenchyme to respond to subsequent inductive signals. Wt1 is 
expressed in the developing blastema and urogenital mesenchyme but 
is not expressed in the nephric duct.” Wt1 is expressed in the meta- 
nephric mesenchyme before invasion of the ureteric bud. WT1 directs 
the genesis of the ureteric bud off the nephric duct. After contacting 
the ureteric bud, the metanephric mesenchyme undergoes mesenchy- 
mal to epithelial transformation to form elements of the differentiated 
nephron. In the absence of WT1 function in the mesenchyme, there is 
no ureteric bud outgrowth from the adjacent nephric duct.” The meso- 
nephros still forms in Wt1-deficient embryos. WT1 may act as a com- 
petence factor for differentiation of the metanephric mesenchyme into 
epithelial structures, perhaps by preventing apoptosis of metanephric 
mesenchyme.” WT1 inhibits the expression of a number of genes, 
including Pax2,” Igf2 and receptor,” Tgfp,” and Pdgf .** Such inhibi- 
tion of gene expression appears to be necessary to promote differentia- 
tion of the mesenchymal matrix. Humans with mutations in the WT1 
gene develop Wilms tumor, a malignancy characterized by dysregu- 
lated proliferation of metanephric blastema. 

The homeobox gene Emx2 may regulate branching of the ureteric 
bud through WT1.* Emx2 is expressed in the ureteric bud epithelium 
as it invades the metanephric blastema and in mesenchymal cells 
undergoing mesenchymal to epithelial transformation.” Emx2 knock- 
out mice lack kidneys, ureters, gonads, and genital tracts. In contrast 
to Pax2 and Lhx1 mutants, initial growth of the ureteric bud and inva- 
sion of the metanephric mesenchyme are normal in Emx2 knockout 
mice. Initial expression of Wtl and Gdnf in uninduced mesenchyme 
and c-Ret in the ureteric bud is preserved in Emx2 mutants. Expression 
of Pax2 and c-Ret in the nephric duct and Gdnf expression in the 


metanephric blastema is normal in Emx2 knockout mice. However, 
branching of the ureteric bud fails to occur and the metanephric mes- 
enchyme fails to be induced.” The mutant ureteric bud fails to induce 
expression of Wt1, which is required for response of the mesenchyme 
to signals from the ureter.*’ FGF2 and BMP family members may also 
be Emx2-dependent factors that provide signals from the ureteric bud 
to the mesenchymal matrix during metanephric induction.“ In 
humans, mutations of EMX2 are associated with schizencephaly, but 
have not been associated with any specific abnormalities of the kidney 
or urinary tract.” 

Whereas c-RET/GFRO/GDNF promotes proliferation and initial 
branching of the ureteric bud, a number of growth factors are involved 
in further growth and branching of the ductal system. Of the growth 
factors, hepatocyte growth factor (HGF) and TGF stimulate branch- 
ing of the ureteric bud, whereas TGF inhibits branching but not duct 
formation. HGF/scatter factor (SF) and its c-Met receptor are the 
primary signaling for branching and ductal growth. The receptor for 
HGE, c-Met, is expressed on branching ureteric cells. Inhibition of 
HGF/SF decreases branching morphogenesis and the early phase of 
mesenchymal to epithelial transformation.” 

Insulin-like growth factor (IGF) signaling is also involved in 
branching morphogenesis of the collecting duct.“ Newly formed 
epithelial elements of the developing kidney express Igfl, Igf2, and 
Igf-binding proteins. IGF receptors are present in the nephrogenic 
mesenchyme and in the ureteric bud.“ Gene deletion studies indicate 
that IGF2 is not essential for renal morphogenesis but may be impor- 
tant for renal size. WT1 inhibits Igf2 expression. Of note, Igf2 is 
overexpressed in most Wilms tumors, which are characterized by 
dysregulated mesenchymal proliferation. 

In addition to promoting the differentiation of metanephric mes- 
enchyme, the ureteric bud gives rise to the collecting ducts and ureter. 
Although Hoxal3 genes are not expressed in the kidney, they are 
expressed in the lower urinary tract. Mice with Hoxa13 mutations have 
abnormalities of the ureter and bladder.“ Abnormalities of the ureter 
are relatively common in humans. A nonsense mutation in the Hoxa13 
gene has been identified in humans with hand-foot-genital syndrome, 
which is characterized by hypospadia (in males), partial or complete 
division of the uterus (in females), and abnormalities in the insertion 
of the ureter or urethra.” As in the upper urinary tract, there is con- 
siderable redundancy in Hox genes in the regulation of development. 
For example, Hoxal3* and Hoxd13* double mutant mice develop 
hydronephrosis due to abnormal insertion of the ureters into the 
bladder, whereas the bladder does not develop in Hoxal 3* and Hoxd13* 
double mutant mice.“ 

The renal pelvis does not form in Atl knockout mice. Increased 
AT2 activity causes apoptosis; decreased AT2 promotes mesenchymal 
cell survival. Survival prevents GDNF from reaching the ideal site of 
bud formation on the nephric duct, leading to abnormal bud forma- 
tion. This causes congenital abnormalities: multicystic kidneys, 
obstructive megaureter, ectopic ureter, and vesicoureteral reflux.” 


Congenital Anomalies of the Kidneys 


The prevalence of developmental urinary tract abnormalities 
approaches 10% in newborns. Most of these are of no clinical signifi- 
cance. However, up to 45% of childhood renal failure is due to abnor- 
mal development of the ureteric bud or metanephros. 

‘These anomalies are classified into three groups: (1) malformations 
of the renal parenchyma, such as renal dysplasia, renal agenesis, and 
polycystic renal disease; (2) defects in the ascent of the kidneys to the 
abdomen, and fusion anomalies; and (3) abnormalities of the urinary 
collecting system, such as duplication of the collecting system. 
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Renal Hypoplasia and Agenesis 


Renal hypoplasia results from defects in interaction between the ure- 
teric bud and metanephric blastema. This may be due to inadequate 
branching of the ureteric bud or an inadequate response by the meta- 
nephric blastema to the ureteric bud. 


Unilateral Renal Agenesis 


The kidney fails to develop on one side. The metanephric blastema 
does not develop in the absence of inductive signals from the ureteric 
bud. The incidence of this disease is about 1 in 1000 births. It is more 
common in males. Unilateral renal agenesis is usually asymptomatic 
because the remaining kidney undergoes compensatory hypertrophy 
and maintains normal kidney function. Infants with this anomaly 
usually have other abnormalities, such as ureteral agenesis, heart 
defect, and abnormal constriction of the GI tract. 


Bilateral Renal Agenesis 


Both kidneys fail to develop, due to an absence of inductive signals on 
both sides. The incidence is about 1 in 3,000 births. Infants with this 
defect usually die in the first few days of life or are stillborn. Bilateral 
renal agenesis is associated with oligohydramnios because no urine is 
excreted into the amniotic cavities. Oligohydramnios causes the uterine 
wall to compress the fetus and produces Potter syndrome. This syn- 
drome includes facial deformities, such as wide-set eyes, low-set ears, 
and parrot-beak nose, as well as deformed limbs as a result of uterine 
wall pressure. 


Renal Dysplasia 


Renal dysplasia is characterized by abnormal nephron development, in 
which the primitive ducts are lined by an undifferentiated epithelium 
surrounded by connective tissue. These anomalies may be unilateral or 
bilateral. 


Ectopic Kidney 

The ectopic kidney is located in an abnormal position due to abnor- 
mal migration during embryogenic development. This can occur any- 
where along the path of ascent, though pelvic kidney is the most 
common. Other sites of ectopic kidney include the iliac and thoracic 
regions. In some cases, a kidney crosses to the other side and produces 
crossed renal ectopia. The incidence of ectopic kidney is about 1 in 
1000 births, with about 10% of cases being bilateral. Symptoms may 
vary from none to pain, urinary tract infection (UTI), hydronephrosis, 
and stones. 


Horseshoe Kidney 


The kidneys become fused during their ascent from the pelvis. In 90% 
of cases, fusion occurs at the inferior pole. The incidence of horseshoe 
kidney is about 1 in 400 births, and it is more common in males. One 
third of patients with horseshoe kidney also have other anomalies or 
complications, such as hydrocephaly, spina bifida, various cardiovas- 
cular diseases, and GI findings. There is also an increased incidence of 
kidney cancer with horseshoe kidney. The most common forms are 
Wilms tumor, transitional cell carcinoma, and carcinoid tumor. In one 
third of cases, horseshoe kidney produces no symptoms. Symptoms, 
when present, usually include hydronephrosis, UTI, stone formation, 
and abdominal pain. 


Duplication of the Ureter 


Ureteral duplication is the most common congenital anomaly of the 
urinary tract. The incidence of this anomaly is about 1% of the popula- 
tion. Duplication of the ureter may be partial or complete. In the 


partial form, two separate pelvicaliceal systems are drained with either 
a single or bifid ureter that joins distally together to form one ureter 
before entering the bladder. Partial duplication results from premature 
bifurcation of the ureteric bud before entering the metanephric blas- 
tema. Most patients are asymptomatic but are prone to UTI, hydrone- 
phrosis, and reflux. 

In complete duplication of the ureter, two separate pelvicaliceal 
systems are drained with two ureters that enter the bladder separately. 
This anomaly results from the formation of two separate ureteric buds. 
The ureter that drains the upper collecting system has an ectopic inser- 
tion in both sexes. These patients, like those with partial duplication, 
are prone to UTI, reflux, and hydronephrosis. 


Accessory Renal Artery 


Accessory renal arteries are relatively common, occurring in approxi- 
mately 25% of adult kidneys. Accessory renal arteries usually arise 
from the aorta and are due to failure of one of the transient inferior 
renal arteries to regress during ascent of the kidneys from a sacral to 
lumbar location. Although they typically do not produce symptoms, 
an accessory vessel to the inferior pole of the kidney may obstruct the 
ureter, producing hydronephrosis. 


Renal Diseases Associated with Developmentally 
Regulated Genes 


Branchio-Oto-Renal Syndrome 


Branchio-oto-renal (BOR) syndrome is an autosomal dominant disor- 
der with incomplete penetrance and variable expressivity, character- 
ized by combinations of branchial, otic, and renal abnormalities.” This 
syndrome has been associated with Eyal haploinsufficiency and muta- 
tions in the Six] gene.” 


Renal Cell Carcinoma 


Renal cell carcinoma is associated with persistent Pax2 expression. 
Waardenburg syndrome, which is associated with renal cell carci- 
noma, is associated with Pax3 mutations. On the other hand, hemi- 
zygous Pax2 or Pax3 mutations lead to unilateral hypoplasia of 
the kidneys and blindness due to optic nerve malformations 
(coloboma).'* 


Wilms Tumor 


This is associated with mutations in the Wt1 gene, leading to excessive 
proliferation of metanephric mesenchyme, ultimately leading to neo- 
plastic transformation. Beckwith-Wiedemann syndrome, character- 
ized by visceromegaly, hemihypertrophy, macroglossia, mental 
retardation, and Wilms tumor, is associated with mutations in a related 
gene, Wt2. This mutation leads to persistently elevated IGF2 levels, 
which stimulates proliferation of the metanephric mesenchyme.” 


CAKUT 


Congenital anomalies of the kidney and urinary tract (CAKUT) is 
associated with a number of abnormalities, including ectopic ureter, 
primary obstructive megaureter, vesicoureteral reflux, ureteropelvic 
junction/obstruction, and multicystic kidney. These abnormalities are 
associated with a defect in At2-signaling. 


Hand-Foot-Genital Syndrome 


This syndrome is characterized by hypospadia (in males), partial or 
complete division of the uterus (in females), and abnormalities in the 
insertion of the ureter or urethra. This disorder has been associated 
with a nonsense mutation in the Hoxa13 gene.” 
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Duplication of the Ureter 


Some cases of duplication of the ureter have been associated with 
overexpression of Hoxb7.” 


Nail-Patella Syndrome 


This syndrome is characterized by irregular glomerular basement 
membrane thickening with breaks in continuity and accumulation of 
periodic acid (PAS)-Schiff-positive material in the distal tubule.*** 
This syndrome is associated with defects in Limx1b, a member of the 
LIM homeodomain family expressed throughout glomerular develop- 
ment, beginning at the S-shaped body stage.*° 


NORMAL ANATOMY AND FUNCTION OF THE KIDNEY 


The kidneys play a critical role in regulation of salt and water balance, 
acid-base balance, excretion of waste products, and production of a 
variety of hormones that have far-reaching effects on homeostasis. 
Regulation of salt and water balance by the kidneys occurs through 
rapid changes in excretion or reabsorption of water, sodium (Na‘), 
potassium (K*), calcium (Ca”’), chloride (CI), phosphate, and magne- 
sium (Mg™). The kidneys receive 25% of the cardiac output and filter 
more than 1,700 L of blood per day to produce approximately 1 L of 
urine that is enriched in urea and other waste products. Renal cortical 
interstitial cells produce erythropoietin, which stimulates maturation 
of red blood cells in the bone marrow. Renin, produced by cells in the 
juxtaglomerular region, is responsible for the conversion of angioten- 
sinogen, a plasma globulin, into angiotensin, a potent vasoconstrictor 
that plays a major role in regulation of blood pressure and sodium 
balance. The kidney is an important source of prostaglandins, which 
play an important role in regulation of vascular tone. Proximal tubular 
epithelial cells of the kidney produce 1-hydroxylase, which converts 
25-hydroxy-vitamin D into 1,25-dihydroxy-vitamin D, the most active 
form of vitamin D. In this chapter, the normal structure and function 
of the kidney are discussed. 


Gross Anatomy 


Human kidneys are bean-shaped retroperitoneal organs located on 
either side of the vertebral column between the 12th thoracic and 3rd 
lumbar vertebrae (Fig. 1-6A). The right kidney is usually lower than 
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the left kidney due to displacement by the liver. A normal adult kidney 
is approximately 12 cm long by 6 cm wide by 3 cm thick, with weight 
ranging from 130 to 160 g in males and 120 to 150 g in females. Each 
kidney is covered by a fibrous capsule, renal fascia (Gerota’s fascia), 
and perirenal fat. The hilum, located on the medial aspect of each 
kidney, is the point through which the renal artery and nerves enter 
the kidney and the renal veins, lymphatics, and ureter exit. 

When the kidney is bisected along the longitudinal axis, two regions 
are observed: a pale outer region (the cortex) and a darker inner region 
(the medulla) (see Fig. 1-6B). The cortical region appears finely granu- 
lar due to the presence of glomeruli. The medullary region is divided 
into 10 to 18 cone-shaped regions, termed pyramids. The base of 
the pyramid is at the junction between the cortex and the medulla. The 
apex of the pyramid extends to the renal pelvis to form a papilla. The 
distal ends of the collecting ducts open into the tip of the papilla. 
The ureter originates from the lower portion of the renal pelvis, at the 
ureteropelvic junction. The distal end of the ureter inserts into the 
bladder at the trigone. 


Renal Circulation 


The renal circulation is characterized by several unusual features: the 
kidneys receive a large percentage of the cardiac output, and the micro- 
circulation consists of two capillary networks linked in series—the 
glomerular capillary loops and the peritubular capillary network. 

The kidneys receive approximately 25% of the cardiac output. This 
rate of blood flow (approximately 350 mL/100 g tissue) is greater than 
that of other organs having high oxygen requirements, including the 
brain and heart. Although the formation of urine requires a lot of 
energy, this blood flow far exceeds normal metabolic demands, and the 
amount of oxygen extracted as blood traverses the arterial circulation 
to return through the renal vein is relatively low. The renal artery 
originates from the abdominal aorta and usually divides just before 
entering the hilum (Fig. 1-7). The renal artery divides to form segmen- 
tal arteries, which perfuse discrete regions of the kidney. The segmental 
arteries are end arteries, meaning that sudden vascular occlusion will 
lead to infarction of the region of kidney perfused by these vessels. In 
some cases, a segmental artery may arise directly from the aorta rather 
than from branching of the renal artery. These are not true “accessory” 
arteries, in that viability of a portion of the kidney is dependent on 
perfusion from these vessels. 
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Figure 1-6. Gross appearance of the kidney. A, Cortical surface of the kidneys after dissection of perirenal fat. B, Cut section showing demarcation between renal cortex and 
medullary portions of the kidney. The renal artery, vein, and ureter enter the kidney at the hilum. 
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Within the kidney, the segmental arteries branch into interlobar 
arteries, which extend toward the renal cortex adjacent to the renal 
pyramids. The interlobar arteries give rise to arcuate arteries, which 
traverse the corticomedullary junction. Interlobular arteries typically 
branch at right angles from the arcuate arteries and run toward the 
cortical surface of the kidney. Afferent arterioles, which perfuse 
the glomeruli, branch from the interlobular arteries (Fig. 1-8). The 
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Figure 1-8. Microcirculation of the kidney. A unique feature of the renal circulation 
is that it contains two capillary beds arranged in series. The first capillary bed is the 
glomerulus, which is responsible for filtration of fluid and solutes. After leaving 
the glomerulus via the efferent arteriole, blood enters a second capillary network—the 
peritubular capillary network, which is where fluid and solutes reabsorbed by the 
tubules are returned to the circulation. 
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Figure 1-7. Vascular supply of the kidney. The renal artery, 
located anterior to the renal vein, undergoes branching at 
or near the hilum. The segmental arteries perfuse major 
areas of the kidney and branch into interlobar arteries, 
which course to the corticomedullary junction. The arcuate 
arteries traverse the corticomedullary junction. Interlobular 
arteries branch from the arcuate arteries and course to the 
cortical surface. Afferent arterioles, which perfuse glomeruli, 
arise from the interlobular arteries. The venous return paral- 
lels the arterial circulation. 


glomeruli comprise the first of two capillary networks in the kidney. 
After leaving the glomeruli through efferent arterioles, blood enters 
the second capillary network, the peritubular capillary network. The 
peritubular capillaries feed venules, which ultimately drain into the 
renal vein. The medullary portion of the kidney is also perfused by 
vasa recta, which arise from efferent arterioles of juxtamedullary 


glomeruli. 


Microscopic Anatomy 
Nephron 


The nephron is the functional unit of the kidney. There are about 1 
million nephrons in each kidney. The nephron filters blood, regulates 
blood volume and pressure, regulates blood pH, controls electrolyte 
homeostasis, and secretes hormones such as erythropoietin. The func- 
tion of the nephron is regulated by a number of different hormones, 
including antidiuretic hormone (ADH), aldosterone, renin, and para- 
thyroid hormone. 

The nephron is derived from metanephric blastema. Components 
of the nephron include the renal corpuscle (glomerulus and Bowman’s 
capsule), the proximal convoluted tubule, the loop of Henle, the distal 
convoluted tubule, and the connecting tubule (Fig. 1-9). The connect- 
ing tubule drains into the collecting duct system, which is derived from 
the ureteric bud. Nephrons may be divided into two groups, those with 
short loops of Henle and those with long loops of Henle. Those with 
short loops of Henle are located in the cortex and, in humans, comprise 
almost 85% of nephrons. These nephrons play a major role in solute 
reabsorption and excretion. Nephrons with long loops of Henle are 
located in the juxtamedullary region. Their major function is to con- 
centrate urine. 


Renal Corpuscle 


The renal corpuscle is composed of a capillary network perfused via 
afferent and efferent arterioles, a central region consisting of mesangial 
cells and matrix, and epithelial cells that line capillaries and Bowman's 
capsule (Fig. 1-10). The mesangial cells provide structural support for 
the glomerular capillaries and have both contractile and phagocytic 
functions. The epithelium lining Bowman's capsule, the parietal epithe- 
lium, is contiguous with epithelial cells comprising the proximal 
tubule, which originates at the urinary, or tubular, pole (opposite the 
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Figure 1-9. Structure of the nephron. The nephron consists of the renal corpuscle (glomerulus and Bowman's capsule), the proximal convoluted tubule, the loop of Henle, the 
distal convoluted tubule, and the connecting tubule. The connecting tubule drains into the collecting duct, which is derived from the ureteric bud. In humans, most nephron units 
have short loops of Henle and are located within the cortex. The juxtamedullary nephron units have long loops of Henle. 


vascular pole). At the vascular pole, an aggregate of distal tubular cells 
forms the macula densa, which is the major site of renin synthesis. 
Glomerular filtration is tightly regulated by a number of hormones 
that have differential effects on the tone of afferent versus efferent 
arterioles. 

The glomerular capillaries make up the filtration barrier, which 
consists of a fenestrated endothelium, the glomerular basement mem- 
brane, and visceral epithelial cells (podocytes) (see Fig. 1-10 inset). 
Many glomerular diseases are characterized by defects in this filtra- 
tion barrier, which plays an essential role in the formation of urine. 
The fenestrated endothelium is more permeable to water and low 
molecular weight solutes than a continuous endothelium, which is 
found in most other capillary beds. Both size and charge are impor- 
tant determinants of whether blood-borne substances remain in the 
bloodstream or pass through the filtration barrier. In general, sub- 
stances larger than 60 kD tend to remain in the circulation. The filtra- 
tion barrier has a negative charge, so negatively charged substances 
such as albumin normally remain in the blood. The glomerular base- 
ment membrane is rich in heparin sulfate proteoglycans, which have 
a strongly negative charge. The visceral epithelial cells, or podocytes, 
have numerous cytoplasmic extensions, or foot processes, which 
contact the glomerular basement membrane. The podocytes produce 
a highly negatively charged matrix consisting of sialic acid and other 


macromolecules, which contributes to the charge barrier. Adjacent foot 
processes are separated by a membrane-lined gap, called the slit dia- 
phragm. A number of proteins making up the junctional complexes 
between podocytes have been identified within this region. 


Proximal Tubules 


The proximal tubules originate at the urinary pole of the renal cor- 
puscle. The initial segment of the proximal tubule is called the pars 
convoluta, and the distal segment that descends towards the medulla 
is called the pars recta (Fig. 1-11). The proximal tubule is lined by a 
simple cuboidal epithelium (Fig. 1-12). The apical end of each cell has 
a brush border of microvilli that facilitates reabsorption of solutes. The 
cytoplasm of these cells is densely packed with mitochondria, which 
provide the energy necessary for active transport of sodium and other 
metabolites. From the main cell body, prominent lateral cell processes 
extend from the apical to the basal surface of the cells and interdigitate 
between neighboring cells to form the basolateral intercellular space. 
Na*/K*-ATPase, which provides the driving force for solute movement 
across the proximal tubular epithelium, is located in the basolateral 
region of proximal tubular cells. 

The proximal tubules are responsible for absorption of small solutes 
that are filtered across the glomerular capillaries and enter the tubular 
system. More than 90% of filtered HCO; is absorbed in the proximal 
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Figure 1-10. Structure of the renal corpuscle. The afferent arteriole branches into a glomerular capillary network supported by mesangial cells, which have contractile and phagocytic 
properties. Fluid and solute filtered by the glomerular capillaries enter the tubular system at the tubular pole. Tubular epithelium lining the proximal tubules is contiguous with the 
parietal epithelium that lines Bowman's capsule. The tubular system courses toward the medulla and returns to contact the vascular pole of the glomerulus before joining 
the collecting system. (/nset, The glomerular filtration barrier consists of a fenestrated endothelium, the glomerular basement membrane, and the visceral epithelial cells, or 


podocytes.) 


tubules, while H* ions in the interstitium are secreted into the tubular 
lumen. More than half of filtered Nat, Cl, K*, Ca”, water, and urea are 
absorbed from the lumen to the blood in the proximal tubules. The 
proximal tubules have a number of Na*-dependent cotransporters, 
which are responsible for absorption of glucose, amino acids, and 
inorganic phosphate. From the cytoplasm, these molecules are trans- 
ported to the peritubular capillaries through the action of a number of 
ATP-linked transporters located on the basolateral surface. Proximal 
tubules are sensitive to the action of parathyroid hormone, which 
reduces the reabsorption of phosphates. 


Loop of Henle 


The loop of Henle consists of the terminal portion of the proximal 
tubule, the thin descending and ascending limbs, and the thick ascend- 
ing limb, which empties into the distal convoluted tubule (see Fig. 1-9). 
The loop of Henle loops from the cortex into the medulla to form the 
descending limb and then returns to the cortex to form the ascending 
limb. The two major functions of the loop of Henle are to establish an 
osmotic gradient from superficial to deep medulla and to dilute the 
urine. The first part of the ascending limb and the last part of the 
descending limb are lined by simple cuboidal epithelium, and the rest 
of the loop is lined by simple squamous epithelium. The descending 
limb of the loop of Henle contains aquaporins, or water channel 


proteins, which confer a high permeability to water. However, the 
descending loop is impermeable to ions. As a result, water moves out 
of the tubules and fluid inside the tubules becomes hypertonic. The 
thick ascending loop of Henle is impermeable to water but contains a 
number of active transport proteins that promote reabsorption of Na’, 
CI, K$ and Mg”. As a result, ions move out of the tubule and the fluid 
within the tubule becomes hypotonic. The thick ascending loop of 
Henle drains into the distal convoluted tubule. 


Distal Nephron 


The distal nephron consists of the distal convoluted tubule and the 
connecting tubule, which joins the nephron with the collecting duct 
(see Fig. 1-9). Cells making up the distal tubule lack a brush border 
but contain numerous mitochondria, which provide the energy 
required for active transport of solutes. As outlined in the following, 
the distal nephron passes in close proximity to the vascular pole of the 
renal corpuscle, thus providing the basis for tubuloglomerular feed- 
back. A number of hormones act on the distal nephron to alter the 
final composition of the urine. For example, aldosterone promotes 
reabsorption of Na* and secretion of K* in the distal convoluted tubule. 
Parathyroid hormone acts on the distal tubule to promote reabsorption 
of Ca”. Atrial natriuretic peptide acts on the distal tubule to increase 
Na* excretion. The distal tubule is also an important site of acid-base 
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Figure 1-11. Structure of the proximal tubular system. The proximal tubule is contigu- 
ous with the renal corpuscle and consists of a convoluted segment (pars convoluta) 
and a straight segment (pars recta). Most solute transport occurs in the proximal 
tubules. 
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Figure 1-12. Structure of the proximal convoluted tubule. The proximal tubule has a 
prominent apical brush border, which facilitates solute reabsorption. There are numer- 
ous basolateral infoldings that contain the mitochondria needed to supply energy for 
a number of transporters located on the basolateral surface of the epithelium. 


balance through absorption of HCO; and secretion of H* into 
the tubular lumen. ADH, a hormone produced by the posterior pitu- 
itary, is released in response to increases in plasma osmolality and 
plays a critical role in regulation of permeability of the distal nephron 
to water. 

The distal tubule, near the junction of the thick ascending limb 
of the loop of Henle and the distal convoluted tubule, passes through 
the vascular pole of the renal corpuscle. This region between the 
afferent and efferent arterioles is called the juxtaglomerular apparatus 
(Fig. 1-13). Within the distal tubule, an aggregate of tall epithelial 
cells comprise the macula densa. Macula densa cells are highly sensi- 
tive to NaCl content in the lumen of the distal tubule. Contractile 
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Figure 1-13. The juxtaglomerular apparatus. A segment of distal tubule passes 
through the vascular pole of the renal corpuscle. Specialized distal tubular epithelial 
cells, macula densa cells, have the ability to respond to NaCl content in the lumen of 
the distal tubule. Juxtaglomerular cells are smooth muscle cells found in the wall of 
afferent arterioles. Juxtaglomerular cells secrete renin in response to decreases in blood 
pressure. 
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Figure 1-14. Structure of the collecting duct. The collecting duct contains two primary 
cell types. Principal cells regulate sodium and water balance. Intercalated cells regulate 
pH balance. 


extraglomerular mesangial cells promote constriction of afferent arte- 
rioles in response to high NaCl signals from the macula densa, leading 
to a reduction in glomerular blood flow through a mechanism termed 
tubuloglomerular feedback. Another important cell type in the juxta- 
glomerular apparatus is the rennin-secreting juxtaglomerular cell, a 
smooth muscle-like cell located in the wall of the afferent arterioles. 
When blood pressure decreases, the macula densa sends a signal to the 
juxtaglomerular cells to secrete renin, which leads to the production 
of the powerful vasoconstrictor angiotensin II, which increases blood 
pressure. Renin secretion by juxtaglomerular cells is also stimulated by 
activation of the sympathetic nervous system. 

The connecting tubule joins the distal convoluted tubule with the 
collecting duct. The collecting duct, in turn, links the distal tubule to 
the tip of the renal papilla. Collecting ducts are lined by simple cuboi- 
dal epithelium composed of two major cell types, principal cells and 
intercalated cells, which are specialized to carry out the major func- 
tions of the collecting duct (Fig. 1-14). Principal cells play a role in Nat 
reabsorption, K* secretion, and water reabsorption. Aldosterone acts 
on the principal cells to increase Na* reabsorption. The intercalated 
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cells are involved in K* reabsorption and H* secretion. The permeabil- 
ity of principal cells to water is regulated by ADH. In the absence of 
ADH, permeability of principal cells to water is low, and little water is 
reabsorbed. The collecting ducts empty into the renal pelvis, where 


urine is transported to the bladder via the ureters. 


57-60 


In subsequent chapters, diseases stemming from dysfunction of the 


glomerular, tubular, or interstitial compartments of the kidney are 
discussed. 
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Introduction 


The fully functional mammalian kidney develops from the reciprocal 
induction of two embryologically distinct tissues: metanephric mesen- 
chyme and epithelial ureteric bud. Paired ureteric buds arise dorsally 
from mesoderm-derived Wolffian ducts to engage a condensation 
of mesenchymal cells, the metanephric blastema, in what will ulti- 
mately form bilateral metanephroi in the retroperitoneum. Normal 
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Renal Cystic Diseases 


Carrie Phillips, MD, and Maha Al-Khawaja, MBBS 


development and maturation of metanephric kidneys, addressed in 
Chapter 1, rely on the temporal and spatial expression of genes and 
their properly encoded proteins. Perturbations in these molecular and 
cellular events can lead to renal dysplasia, cyst formation, and defective 
organogenesis. Although dysplasia arises in the setting of defective 
kidney development, the inherited cystic diseases discussed in this 
chapter originate from altered maturation of epithelial-lined renal 
tubules and ducts. Common abbreviations used to describe cystic 
kidney diseases are listed in Table 2-1. 


Dysplasia 

During embryonic development, one or both mammalian kidneys may 
be morphologically absent (agenesis), small (hypoplasia), or malformed 
(dysplasia). These anomalies in renal development and growth are part 
of the spectrum of congenital abnormalities of the kidney and urinary 
tract (CAKUT).' 

Renal agenesis, or complete failure of kidneys to develop, was criti- 
cally analyzed by Edith L. Potter, who in 1965 reported 50 cases of 
bilateral absence of ureters and kidney.’ She proposed that failure of 
ureteric bud outgrowth, or damage to mesonephric ducts from which 
the ureteric buds arise, results in unsuccessful induction and differen- 
tiation of metanephric blastema. Without this reciprocal interaction, 
the kidney and ureters will not appear. Because unilateral agenesis is 
compatible with life, whereas bilateral agenesis is not, the relative fre- 
quency of the two is difficult to determine. Based on autopsy specimens 
she examined over 30 years, Potter estimated the incidence of bilateral 
agenesis to be 1 in 4000 births, with encounters of 1 in 240 fetal and 
newborn autopsies. All 8 cases of sirenomelia had bilateral renal agen- 
esis, including 7 males and 1 female.’ Fetal development is invariably 
associated with oligohydramnios, and affected infants are more likely 
to be male (2:1), of premature birth or stillborn, and of small birth 
weight. Most cases of bilateral agenesis are sporadic, but familial aggre- 
gation and X-linked variants have been reported.” 

Unilateral renal agenesis is more common and may occur in isola- 
tion or in association with other congenital abnormalities. Affected 
patients are predisposed to nephrolithiasis, pyelonephritis, and 
obstruction.” Glomeruli residing in the solitary kidney undergo 
hypertrophy and hyperperfusion and, in patients who subsequently 
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Table 2-1. Abbreviations for Cystic Kidney Diseases 


Abbreviation Disorder 


ADPKD Autosomal dominant polycystic kidney disease 
ARPKD Autosomal recessive polycystic kidney disease 
CDK ulticystic dysplastic kidney 
KS eckel-Gruber syndrome 
JSRD Joubert syndrome and related disorders 
PHP ephronophthisis 
CKD edullary cystic kidney disease 
SK edullary sponge kidney 
GCKD Glomerulocystic kidney disease 
TSC Tuberous sclerosis complex 
ACKD Acquired cystic kidney disease 


develop proteinuria, may scar in the pattern of focal segmental 
glomerulosclerosis.* 

Hypoplasia describes kidneys that have normal histologic paren- 
chyma but are small (less than 50% of the expected size for age) due 
to decreased nephron number. The condition is usually unilateral, may 
be unmasked during clinical presentations of chronic pyelonephritis 
or hypertension, and can be confused with atrophic states, including 
Ask-Upmark kidneys.’ If bilateral in distribution, the small kidneys 
contain nephrons of significantly diminished numbers that undergo 
hypertrophy, which is termed oligomeganephronia or oligonephronic 
hypoplasia. At one point this condition may have accounted for 10% 
to 15% of renal failure in childhood.’ 

At first glance, dysplastic kidneys seem to run ina spectrum between 
hypoplastic kidneys and inherited cystic kidney disease, but each of 
these three conditions requires careful distinction. Both hypoplastic 
and dysplastic kidneys have an overall deficit of nephrons with reduced 
functioning renal tissue. Whereas a hypoplastic kidney is composed of 
structurally normal and mature parenchyma, the dysplastic kidney is 
composed of disorganized nephrons and collecting ducts that have an 
immature, fetal appearance. Dysplastic kidneys may also contain cysts, 
which must be distinguished from inherited cystic kidney diseases, 
including infantile forms that may have residual immature elements. 
In simplified terms, patients with hypoplastic kidneys do not generate 
enough nephron units, but they align them in the right location. 
Patients with inherited cystic kidney disease produce sufficient neph- 
rons and collecting ducts and align them appropriately, but the tubules 
and ducts circumferentially dilate during the maturation/elongation 
process. Patients with dysplastic kidneys have perturbations at many 
levels of development and maturation: nephron units are too few in 
number, their usual parallel alignment is disarrayed, they are cystically 
dilated, and renal parenchyma is accompanied by nonrenal elements 
(e.g., islands of cartilage). 


Cystic Renal Disease 


Cystic kidney disease encompasses a spectrum of disorders in which 
cysts arise from epithelial-lined nephrons and collecting ducts (Box 
2-1). Cysts may be tiny or large, ranging from microns to centimeters 
in size. Renal cysts may be inherited, sporadic or acquired, coupled to 


Box 2-1. Terminology of Cystic Kidney Diseases 


Nephron: The excretory unit of the kidney, which includes the glomerulus, 
proximal convoluted tubule, loop of Henle, and distal tubule 

Dilated Tubule: A tubule with a diameter at least twice normal 

Cyst: A dilated tubule or collecting duct with a more rounded than elongated 
shape when sectioned along the longitudinal axis 

Cystic Kidney: A kidney containing three or more cysts 

Multicystic: Nonheritable cystic kidney disease, usually sporadic 

Polycystic: Heritable cystic kidney disease, particularly autosomal dominant 
(ADPKD) and recessive (ARPKD) polycystic kidney disease 

Glomerulocystic: Cystic kidney disease with dilatation of Bowman's capsule 
two to three times normal and glomerular tufts within at least 5% of the 
cysts 

Renal Dysplasia: Abnormally developed kidneys with poorly branched/ 
differentiated nephrons and collecting ducts, increased stroma, and 
occasionally cysts and metaplastic tissues, such as cartilage 

Ciliopathies: Diseases characterized by dysfunction of cilia 


benign or malignant lesions, and may be renal-limited or associated 
with multiorgan involvement. 

Historically, varied classification systems of cystic kidney disease 
have evolved. Cysts have been categorized by their gross morphology, 
histology, age of onset, prognosis, association with nonrenal disease, 
modes of inheritance, and more recently by the underlying gene muta- 
tion. Edith L. Potter, in her landmark studies from the mid-1960s, 
proposed a four-part system based on the histologic appearance of 
cysts: type I tubular gigantism, type II early ampullary inhibition, type 
II combined ampullary and interstitial abnormality, and type IV intra- 
uterine urethral obstruction.*” This simplified approach has been out- 
dated by rapid technologic advances in molecular and cellular biology, 
which have linked a number of gene mutations and protein defects to 
inherited cystic disease. The sequencing of cystogenes has revealed 
families of genes and shared nucleotide motifs that not only have 
identified common pathways leading to renal cyst development, but 
have also disclosed proteins integral to normal epithelial cell structure 
and function as well as malignant transformation. These discoveries 
are reorganizing classification schemes from the morphologic to the 
molecular. A comprehensive classification scheme recently proposed 
by Stephen M. Bonsib takes into consideration updated genetic and 
clinical data (Box 2-2).’ 

A number of studies suggest that one mechanism underlying cystic 
kidney disease is abnormal cilia signaling in epithelial cells (Fig. 2-1). 
Primary, nonmotile cilia lack a central pair of microtubules (9 +0) and 
hence do not move independently, so for decades they were considered 
to be vestigial evolutionary remnants. Quite the contrary, these special- 
ized apical projections on epithelial cells are now recognized to func- 
tion as mechanosensory antennae, bending with the flow of urine (in 
kidney) or bile (in liver) and signaling through polycystin-mediated 
calcium channels.” The cilium may be a sentinel organelle that detects 
the first flow of urine when developing tubules differentiate from func- 
tionally immature to functionally mature segments. Cilia signals may 
ultimately establish, maintain, and repair the orientation, or planar 
polarity, of terminally differentiated epithelial cells that line renal 
tubules." Intact planar polarity is established when epithelial cells pro- 
liferate and contribute to the lengthening of a tubule along its longitu- 
dinal axis. The basal surfaces of these polarized cells rest on basement 
membranes; the apical surfaces face toward the lumen, such that cilia 
are in intimate contact with urine. If cilia are faulty, they may send 
aberrant cellular signals that widen tubules along their cross-sectional 
axis rather than longitudinally (Fig. 2-2). Such outward expansion 
results in ectatic or cystic nephrons and collecting ducts. 
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Box 2-2. Classification of Cystic Kidney Diseases and Congenital Anomalies of the Kidney and Urinary Tract 


A. Abnormalities in Form, Position, and Number 
1. Rotation anomaly 
2. Renal ectopia 
3. Renal fusion 
4. Duplex kidney 
5. Supranumerary kidney 


B. Abnormalities in Mass 
1. Renal hypoplasia 
Simple hypoplasia 
Cortical dysplasia 
Oligomeganephronic hypoplasia 
Segmental hypoplasia: Ask-Upmark kidney 
2. Renal agenesis 
Unilateral agenesis 
Bilateral agenesis: Potter's syndrome 


C. Polycystic Kidney Diseases 

1. Autosomal recessive polycystic kidney disease 
Neonatal and infantile 
Childhood with hepatic fibrosis 

2. Autosomal dominant polycystic kidney disease 
Adult form 
Early-onset childhood form 

3. Acquired cystic kidney disease 

4. Localized/segmental polycystic kidney disease 


D. Renal Dysplasias, Nonsyndromic 
1. Unilateral dysplasia 
2. Bilateral dysplasia 
3. Dysplasia associated with lower tract obstruction 
4. Segmental dysplasia associated with duplex kidney 


E. Renal Dysplasias, Syndromic 
1. Meckel-Gruber syndrome 
2. lvemark’s syndrome 


. Jeune’s syndrome 

. Beckwith-Wiedemann syndrome 
. Oral-facial-digital syndrome 

. Smith-Lemli-Opitz syndrome 

. Zellweger syndrome 

. Trisomy 13 

. Trisomy D 

10. Trisomy E 


O mOaNnNAnN SW 


F. Glomerulocystic Kidney 

. Glomerulocystic kidney disease (GCKD) 

Autosomal dominant GCKD due to uromodulin mutation 
Familial hypoplastic GCKD to HNF1B mutation 
Hereditary GCKD, not otherwise specified 

. Sporadic GCK (most common type) 

. Glomerular cysts associated with hereditary syndromes 
Autosomal dominant polycystic kidney disease (most common) 
Autosomal recessive polycystic kidney disease (rarely) 
Numerous malformation syndromes (too numerous to list) 

4. Other contexts with glomerular cysts 

Nonsyndromic renal dysplasia 
Ischemic glomerular atrophy 
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G. Tubulointerstitial Syndromes + Cysts 
1. Renal tubular dysgenesis 
2. Nephronophthisis 
3. Medullary cystic disease, type 1 and type 2 


H. Phycomatoses and Renal Diseases 
1. Von Hippel-Lindau disease 
2. Tuberous sclerosis complex 


I. Miscellaneous Abnormalities 
1. Simple cortical cysts 
2. Medullary sponge kidney 
3. Calyceal diverticulum/parapelvic cyst 


Modified by Stephen M. Bonsib, personal communication, from the original table in Bonsib SM: The classification of renal cystic diseases and other congenital malformations of the kidney and urinary 


tract. Arch Pathol Lab Med. 2010;134:554—-568. 
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Figure 2-1. Scanning electron micrograph of the luminal aspect of collecting duct 
from a normal rat. Single cilia project from the apical surface of each principal cell 
(arrowheads), whereas the surfaces of adjacent intercalated cells are carpeted by 
microplicae without cilia. (Image provided by Vincent H. Gattone II, PhD, Indiana Uni- 
versity School of Medicine.) 


Autosomal Dominant Polycystic Kidney Disease 


Autosomal dominant polycystic kidney disease (ADPKD) is geneti- 
cally heterogeneous, with two genes identified: PKD1 on chromosome 
16p13.3 and PKD2 on chromosome 4q21. The PKD1 and PKD2 pro- 
teins, polycystin-1 (PC1) and polycystin-2 (PC2), constitute a subfam- 
ily of transient receptor potential channels (Table 2-2). PC1 has the 
structure of a receptor or adhesion molecule and contains a large 
extracellular N-terminal region, 11 transmembrane domains, and a 
short intracellular C-terminal region. It interacts with PC2 through a 
coiled-coil domain in the C-terminal portion and with multiple other 
proteins at different extracellular and intracellular sites. PC1 is found 
in the primary cilia, cytoplasmic vesicles, plasma membrane at focal 
adhesions, desmosomes, adherens junction, and possibly endoplasmic 
reticulum and nuclei.” It normally forms a complex at the adherens 
junction with E-cadherin and a-, B- and y-catenins and has been 
proposed to regulate the mechanical strength of adhesion between cells 
by controlling the formation of stabilized, actin-associated, adherens 
junctions." PC1/E-cadherin complexes are disrupted in ADPKD, and 
E-cadherin is sequestered internally and replaced at the surface by 
N-cadherin.” 

Polycystin-2 contains a short N-terminal cytoplasmic region with 
a ciliary targeting motif, 6 transmembrane domains, and a short 
C-terminal portion. PC2 has been shown to localize predominantly to 
the endoplasmic reticulum, but also to the plasma membrane, primary 
cilium, centrosome, and mitotic spindles in dividing cells.” 
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Table 2-2. Genetics of ADPKD and ARPKD 


ADPKD ARPKD 
Gene PKD1 PKD2 PKHD1 
Chromosome 16p13.3 4q21 6p12.2 
Protein Polycystin-1 Polycystin-2 Fibrocystin (polyductin) 
Mutation 85% 15% 


ADPKD, autosomal dominant polycystic kidney disease; ARPKD, autosomal recessive polycystic 
kidney disease. 


Recently PC1 and PC2 have been localized to exosomes, small 
vesicles produced by the multivesicular body sorting pathway.'* Mem- 
brane proteins are packaged into intraluminal vesicles within the mul- 
tivesicular body, some of which are excreted when these multivesicular 
bodies fuse with the apical plasma membrane. They are produced by 


Figure 2-2. Using two photon fluorescence microscopy, the three-dimensional mor- 
phology of the medulla is revealed in newborn mice. Lengthening along a longitudinal 
axis comprises the bulk of normal duct and tubule maturation in a +/+ control mouse 
(A), whereas circumferential expansion is disproportionately greater in an inv/inv trans- 
genic mouse with cystic kidneys (B). Collecting ducts are labeled with Dolichos biflorus 
lectin (dark gray), and thick ascending limbs are labeled with antibody to Tamm-Horsfall 
protein (light gray; unpublished data, Carrie Phillips, Indiana University School of Medi- 
cine). The cartoon (C) demonstrates how a cyst may initially grow as an abnormal lateral 
out-pouching, while the normal tubule elongates under control of intact signals that 
direct planar-polarity (illustration by Fredrik Skarstedt, Pathology Multimedia Education 
Group, Indiana University School of Medicine). inv, inversion of embryonic turning. 


a variety of cell types and have a biological effect on the immune 
system and in the embryonic node for left/right axis determination. 
Urine contains a subpopulation of exosomes that contain large amounts 
of PC1, PC2, and fibrocystin. In vitro studies have shown that these 
exosomes adhere to primary cilia of kidney and biliary epithelial cells 
in a rapid and highly specific manner.” 


Classic ADPKD in Adults and Older Children 


Incidence and Demographics 

ADPKD is the most common genetically transmitted renal cystic 
disease. The incidence of ADPKD is 1 to 2 per 1000 live births and may 
manifest at any age, but most commonly manifests during the fourth 
and fifth decades of life. Neonatal and prenatal cases have been 
reported.” ADPKD is the third most common cause of end-stage renal 
disease (ESRD), affecting 5% to 10% of patients receiving dialysis.'° In 
85% of cases, ADPKD is caused by mutations in the PKD1 gene and 
15% by mutations in the PKD2 gene.” 


Clinical Manifestations 

Early symptoms of ADPKD include hypertension, polyuria, back pain, 
recurrent urinary tract infections, and renal stones. Patients may also 
develop cysts in the liver and pancreas, colonic diverticulitis, intrace- 
rebral or aortic aneurysms, and heart valve defects.'* Berry aneurysms 
of the circle of Willis are seen in 10% to 30% of cases.'*? Patients with 
mutations of the PKD1 gene have significantly more severe disease, 
with an average age of onset of ESRD of 54.3 years compared to 
74 years for patients with mutations of PKD2.'””° The greater severity 
of disease in patients with PKD1 mutation appears to be due to the 
development of more renal cysts at an earlier age and not to faster 
growth of cysts. Both can be associated with severe polycystic liver 
disease and vascular abnormalities.” A separate, genetically heteroge- 
neous disease, autosomal dominant polycystic liver disease, causes 
severe polycystic liver disease with no or minimal renal cysts.””” 


Radiographic and Gross Features 
The presence of multiple renal cysts is required for a diagnosis of 
ADPKD. The number of cysts required increases in an age-dependent 
manner. Ultrasonography, computed tomography (CT), and magnetic 
resonance imaging (MRI) are all used to detect renal cysts (Fig. 2-3); 
however, ultrasound is the initial imaging modality of choice.” 
Current diagnostic criteria require the presence of three or more renal 
cysts, either unilateral or bilateral, to establish the diagnosis in at-risk 
individuals age 15 to 39 years. Four renal cysts (two or more in each 
kidney) are required for individuals age 40 to 59 years, and eight renal 
cysts (four or more in each kidney) in those age 60 years and older. 
The presence of liver cysts is also diagnostically useful. +% 

Any segment of the nephrons and collecting ducts may be affected. 
Although every cell of the nephron and collecting duct harbors the 
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Figure 2-3. CT scan of autosomal dominant polycystic kidney disease. Note the 
multiple cysts involving the right kidney and liver (arrow). 


PKD1 or PKD2 germline mutation, only 1% to 2% of the nephrons or 
collecting ducts are morphologically affected. The nephrons with dis- 
ruption of a second allele (second hit) undergo cystic enlargement." 

Autosomal dominant polycystic kidney disease usually presents 
with innumerable, variably sized round cysts ranging from less than 
0.1 cm to several centimeters, evenly distributed in the renal cortex 
and medulla with distortion of the normal reniform configuration (Fig. 
2-4). Occasional cysts may contain hemorrhagic material or stones. 
Renal cortical neoplasms are not common but may occur as variably 
sized pale to yellow nodules (Fig. 2-5). 


Figure 2-4. Autosomal dominant polycystic kidney disease. The kidney is enlarged 
and irregular with multiple cysts, some of which are filled with blood (A, outer surface; 
B, C, cut surface). 
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Figure 2-5. Autosomal dominant polycystic kidney disease with renal cell carcinoma. A, The kidney contains a circumscribed, yellow-tan nodule (arrow) within a diffusely cystic 


kidney. B, Microscopically the tumor is well circumscribed with papillary architecture. 


Histopathology 

The cysts in ADPKD are variably sized and are lined by flattened to 
cuboidal epithelium (Fig. 2-6). Focal epithelial hyperplasia with forma- 
tion of small, intracystic micropapillary structures is often seen. The 
intervening stroma contains glomeruli and normal or atrophied 
tubules with variable interstitial fibrosis and inflammation. Focal 
foreign body giant cell reaction to cyst contents may also be evident. 


Figure 2-6. Autosomal dominant polycystic kidney disease. Microscopically the 
kidney parenchyma contains numerous, variably sized cysts (A). Epithelial cells that 
line cysts are decorated with antibody to CAM 5.2 (brown), revealing cysts that are 


< denuded (B, single arrowhead), flattened to cuboidal (B, C, double arrowheads), or 
. hyperplastic with papillary projections (B, C, arrows). Bowman's space is dilated 


around a glomerular tuft (G in panel C). Antibody to smooth muscle actin (red) detects 
arterioles (A in panel C) and scattered stromal cells in the interstitium (B, C), but 


~* smooth muscle collars are absent around tubules and cysts. 


Differential Diagnosis 

Morphologically ADPKD should be distinguished from multicystic 
renal dysplasia and other hereditary polycystic kidney diseases. Hered- 
itary and acquired cystic disease as well as multicystic renal neoplasms, 
such as cystic nephroma, mixed epithelial and stromal tumor, and 
multicystic renal cell carcinoma (RCC) may also enter into the dif- 
ferential diagnosis (Table 2-3). 
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Table 2-3. Differential Diagnosis of Cystic Kidney Diseases 
Kidney Size/Shape Cyst Features 
ADPKD Enlarged/irregular Flat to cuboidal lining; micropapillary 
structures common 
ARPKD Enlarged/reniform Flat to cuboidal lining 
Localized cystic disease — Enlarged/irregular Flat to cuboidal lining 
MSK ormal/reniform Ectatic papillary collecting ducts; 
calculi common 
TSC ormal or enlarged/ Plump cuboidal cells with granular 
reniform or irregular cytoplasm; papillary tufts common 
VHL Enlarged if Clear cells; atypical cysts have 2 or 3 
umorous/irregular cell layers, papillary tufts 
NPHP/MCKD Reduced/reniform Flat to cuboidal lining 
MCDK Reduced, normal, or Flat to cuboidal lining 
enlarged/irregular 
ACKD Reduced, normal, or Flat to cuboidal lining, multilayered 


enlarged/irregular 


and papillary structures (preneoplastic) 


Uninvolved Renal Extrarenal Associated Renal 
Parenchyma Manifestations Neoplasms 
orma Common (liver cysts, heart Rare 
valve abnormalities, IC 
aneurysms, diverticula) 
orma Congenital hepatic fibrosis o 
orma No Rare 
orma No 0 
ormal; may see Common (skin lesions, ultiple AMLs; RCC rarely 


small AMLs heart, brain, retina) 
orma Common (retina, brain, Common, multiple (clear 

pheochromocytoma) cell RCC) 

Chronic TIN In NPHP associated with No 
overlapping syndromes 

Abnormal In multiple malformation Rare 
syndromes 

ESRD No Common (papillary RCC, 


ACKD-associated RCC) 


ACKD, acquired cystic kidney disease; ADPKD, autosomal dominant polycystic kidney disease; AML, angiomyolipoma; ARPKD, autosomal recessive polycystic kidney disease; ESRD, end-stage renal disease; 
IC, intracranial; MCDK, multicystic dysplastic kidney; MCKD, medullary cystic kidney disease; MSK, medullary sponge kidney; NPHP, nephronophthisis; RCC, renal cell carcinoma; TIN, tubulointerstitial nephritis; 


TSC, tuberous sclerosis complex; VHL, von Hippel-Lindau syndrome. 


Prognosis and Treatment 

Kidney size in ADPKD typically increases from normal size (150 to 
200 cm’) to greater than 1500 cm*/kidney. The growing cysts gradually 
replace functional renal parenchyma and distort the normal architec- 
ture of the kidney. The glomerular filtration rate is well preserved in 
most patients by age 30 to 40; however, renal function gradually dete- 
riorates, and approximately 50% of patients will have reached ESRD 
necessitating renal replacement therapy by age 70.” Approximately 
25% of patients with ESRD secondary to ADPKD received renal trans- 
plants in the first year after dialysis, compared with the 5% transplant 
rate for the total incident U.S. ESRD population. Mortality in the 
first year is lower, at 6% compared with 24% for the general ESRD 
population.” 

Renal complications of ADPKD persist after patients reach ESRD 
and include kidney pain, gross hematuria, and infection. Cardiac val- 
vular disease, arterial and intracranial aneurysms, and hepatic cysts are 
more common in patients with ADPKD than in the general popula- 
tion. Hypertension, which is almost universal in patients with ADPKD 
by the time they reach ESRD, is an important risk factor for intracere- 
bral hemorrhage and aneurysm rupture; most patients require phar- 
macologic management to control hypertension. Patients with ADPKD 
have a lower incidence of anemia and higher hemoglobin levels than 
the general dialysis patient, accounted for by the higher endogenous 
erythropoietin levels in these patients.” 

Patients with ESRD secondary to ADPKD generally do well after 
renal transplantation; however, because of the dominantly inherited 
nature of their disease, they have a more limited number of living 
related donors. Patients, particularly those with a family history of 
intracranial aneurysm, subarachnoid hemorrhage, or unexplained 
stroke, are screened for intracranial aneurysms before live donor 
transplantation. Graft and patient survival after kidney transplantation 
in ADPKD is at least as good as, if not better, than for other patient 


populations despite the related co-morbidities of cystic liver disease, 
intracranial aneurysms, and cardiac valvular and hypertensive 
disease.” 

Based on promising studies in animal models, new therapies aimed 
at slowing cyst growth in ADPKD have been focused on modulating 
epithelial cell proliferation and fluid secretion into cysts. Both cell 
proliferation and fluid secretion are stimulated by elevated cyclic ade- 
nosine monophosphate (cAMP) levels and the failure of intracellular 
calcium signaling in cilia. The observation that cAMP can stimulate 
cyst growth led to the first trial of V2 receptor antagonists in animal 
models of renal cystic disease. Targeting the vasopressin V2 receptor, 
which drives cAMP production in the kidney, with V2 receptor antag- 
onists has been shown to inhibit cyst development in rodents.””* 
Because the liver lacks V2 receptor expression, this therapy had no 
effect on liver cysts.” Somatostatin has also been shown to slow the 
increase in total kidney and cyst volume.” 

Another novel area of therapy is directed to mammalian target of 
rapamycin (mTOR), a serine/threonine protein kinase that is encoded 
by the FRAPI gene. In animal models of PKD and in human ADPKD, 
aberrant epithelial cell proliferation has been linked to activation of the 
mTOR pathway.’”*° In normal renal tubular epithelial cells the kinase 
activity of mTOR is regulated by tuberin. Tuberin is encoded by TSC2 
tumor suppressor gene and has a direct physical interaction with the 
cytoplasmic tail of PC1.'* Therefore, mutations in PKD1 are thought 
to inappropriately promote the proliferation of cyst lining epithelial 
cells in ADPKD via mTOR.*' The mTOR inhibitors rapamycin and 
everolimus have been shown to significantly decrease cyst growth and 
preserve renal function in animal models. 1% 


ADPKD in Infants 


Although ADPKD is often considered a disease of adults, it clearly 
begins in childhood. Renal cysts in children with ADPKD have 
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been associated with a wide range of clinical findings from totally 
asymptomatic children to those presenting as newborns with 
massive renal enlargement, hypertension, oliguria, and pulmonary 
hypoplasia. 


Incidence and Demographics 

In ADPKD the incidence of development of renal cysts in utero is 
estimated to be 2%, with 25% of all siblings showing similar early 
manifestations.” Approximately 60% of children who carry the PKD1 
gene have cysts detectable by ultrasound by age 5. Among children age 
5 to 18, 75% to 80% have cysts by ultrasound imaging.” Approximately 
60% of children have 1 to 10 cysts, and 40% have more than 10 cysts 
at a mean age of 11 years.” 


Clinical Manifestations 

Children who are diagnosed before age 18 months may present with 
an abdominal mass or acute pyelonephritis; however, many are asymp- 
tomatic and are diagnosed by renal ultrasound screening of families 
with a history of ADPKD.* 

Structural progression in terms of renal size and cyst number 
occurs in childhood. Children with more than 10 cysts are older than 
those with fewer cysts, have enlarged kidneys,” and are more likely to 
have pain and hypertension.” There is great variability in the rates of 
renal enlargement; a large cyst number in early childhood is a predictor 
of faster structural progression. The presence of hypertension also 
affects progression; however, proteinuria and gross hematuria are not 
significant predictors of disease progression.” 

It has also been shown that approximately 83% of children have 
mutations of PKD1 and 17% of PKD2, and that PKD1 patients present 
at an earlier age, have larger kidneys, and have more and larger cysts 
than PKD2 patients. Renal cysts are more likely to be detected prena- 
tally in PKD1 patients.“ 


Radiographic and Gross Features 

The radiographic features are similar to those seen in adults with 
ADPKD; however, children may rarely present with asymmetric 
disease with greater involvement of one kidney or a lesion that mimics 
a renal mass.*!? 

Ina study of ADPKD diagnosed in the fetus or the young infant by 
sonographic evaluation and a positive family history, renal enlarge- 
ment (85%) was the most common and most helpful sonographic 
finding. Approximately 50% of the patients already had cysts large 
enough to detect by ultrasound. Increased renal echogenicity was 
present in 9 of 10 cases. Renal cystic disease diagnosed in the fetus and 
young infant should trigger an investigation of the family history and 
sonographic screening.” 


Histopathology 

Morphologically the cystic kidney of a child with ADPKD is similar to 
that of an adult with the disease. The cysts are lined by flattened epi- 
thelium, and no immature epithelial structures or blastema are present 
in the intervening stroma. 


Differential Diagnosis 

Because ADPKD is less likely to present in early childhood and may 
be unilateral at presentation, unilateral multicystic dysplasia is more 
likely in this setting. Family history and radiographic screening of 
family members for renal cysts is helpful. If the involved kidney is 
removed, a careful search for morphologic features of renal dysplasia 
should be undertaken before assigning a diagnosis of ADPKD. Renal 
neoplasms common in childhood should also be considered in the 
differential diagnosis, particularly Wilms tumor and cystic partially 


differentiated nephroblastoma. The finding of immature epithelial ele- 
ments and blastema morphologically excludes childhood ADPKD. 

Other hereditary disorders, including tuberous sclerosis, can 
present with renal cysts in children; features of these disorders should 
be sought clinically, radiographically, and through a careful family 
history. 


Prognosis and Treatment 

The perinatal mortality of ADPKD presenting in utero or within the 
first few months of life is 43% before age 1 year. Causes of death include 
stillbirth, pulmonary insufficiency, and renal failure. Complications of 
ADPKD, particularly hypertension and end-stage renal failure, occur 
in 67% of survivors at a mean age of 3 years.” 


TSC2/PKD1 Contiguous Gene Syndrome 


Tuberous sclerosis is an autosomal dominant disorder characterized by 
the development of hamartomatous growths in many organs. Renal 
cysts are also a frequent manifestation. Major genes for tuberous scle- 
rosis and ADPKD, TSC2, and PKD1, respectively, lie adjacent and are 
only a few nucleotides apart in a tail-to-tail orientation on chromo- 
some 16 at 16p13.3, suggesting a role for PKD1 in the etiology of renal 
cystic disease in tuberous sclerosis.“ A few patients have been 
described in whom the simultaneous loss of both genes has been con- 
firmed; this disease has been called the TSC2/PKD1 contiguous gene 
syndrome.*°” 

A deletion removing the contiguous TSC2 and PKD1 genes causes 
severe cystic renal disease, often occurring in infancy; in adults it 
causes lesions typical of both syndromes, including multiple angio- 
myolipomas, intraglomerular microlesions, lymphangioleiomyomato- 
sis, subependymal giant cell tumors, and cutaneous angiofibromas of 
tuberous sclerosis, and renal cysts, hepatic cysts, and cerebral artery 
aneurysms typical of ADPKD.“ 


Autosomal Recessive Polycystic Kidney Disease 


Autosomal recessive polycystic kidney disease (ARPKD) is an inher- 
ited disorder that primarily targets renal collecting ducts and the intra- 
hepatic biliary tract. In 1994 the responsible gene, PKHD 1, was mapped 
to a region on chromosome 6p21-cen by linkage analysis”; nearly 
a decade later the gene sequence and its protein product were 
described." Mutations to PKHD1, polycystic kidney and hepatic 
disease gene 1, explain a spectrum of signs and symptoms due to renal, 
hepatic, and pulmonary disease. Classic infantile ARPKD primarily 
affects newborns and young infants; a variant in older children is 
associated with congenital hepatic fibrosis. 

Pathologists and other scientists who provided some of the earliest 
descriptions of congenital cystic malformations of the kidney recog- 
nized the significance of coexisting liver disease and proposed the 
designation of infantile polycystic disease of kidneys and liver” 
Because ARPKD patients have both kidney and liver malformations, 
this condition has been more recently grouped with a heterogeneous 
collection of monogenic conditions under the designation of hepa- 
torenal fibrocystic syndromes.™* 


Pathogenesis/Genetics 

Rapid progress in the field of genomics has lead to the discovery of 
dozens of cystic kidney disease genes, including the single gene identi- 
fied thus far for ARPKD, PKHDI. Located on chromosome 6p12.2, 
PKHD1 is among the largest in the human genome and encodes splice 
variants that are expressed in fetal and adult kidney, with relatively less 
expression in liver and pancreas (see Table 2-2). PKHDI’s major 
protein product is fibrocystin® (polyductin”), a 4074-amino acid 
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protein that is expressed in collecting ducts and thick ascending limbs, 
and co-localizes with other cystoproteins in primary cilia and basal 
bodies of renal epithelial cells.” Diverse mutations for PKHD1 have 
been reported, including missense/nonsense, deletions, splicing, and 
insertions, °**”? which account for variations in clinical and pathologic 
findings. An example includes patients with Caroli syndrome who have 
dilated bile ducts and fibrosis surrounding portal tracts.” 


Incidence and Demographics 

The clinical impact of cystic kidney disease is enormous, affecting an 
estimated 6 million people in the world. ARPKD and ADPKD are 
among the most common genetic causes of renal failure in children 
and adults, respectively.” In the United States, cystic kidney diseases 
are responsible for ESRD in more than 10% of children undergoing 
renal transplantation, with polycystic kidney disease accounting 
for almost 3%.° ARPKD is estimated to occur in 1 of every 20,000 
births,*® although some reports place the incidence between 1 : 20,000 
and 1:40,000.°° Males and females are affected equally, and the 
disease has a worldwide distribution.“°°” Rare adult variants of 
ARPKD as well as in utero and fetal forms have been reported.“ 


Clinical Manifestations 

The mortality rate is high for neonates with ARPKD, especially in the 
first month of life” and with the firstborn affected child,” but survival 
beyond age 15 years may be as high as 79%.” Respiratory failure 
accounts for 30% to 50% of deaths shortly after birth, whereas relatively 
few neonates die of acute renal failure.” If fetal demise occurs it may 
be accompanied by massively enlarged kidneys and poor fetal urine 
output leading to oligohydramnios. Infants with the Potter sequence 
or Potter phenotype have oligohydramnios resulting in pulmonary 
hypoplasia, characteristic facies, and limb deformities.””’”* Those who 
survive the neonatal period have a spectrum of clinical manifestations 
that may vary in the same kindred.” Bergmann et al. reported 1- and 
10-year survival rates of 85% and 82%, respectively, in 164 neonatal 
survivors with PKHD1 mutations, with chronic renal failure detected 
at a mean age of 4 years.” In this study population about 75% of 


patients developed systemic hypertension and 44% had congenital 
hepatic fibrosis and portal hypertension. Longer surviving patients 
with portal venous hypertension develop bleeding from esophageal 
varices and intractable ascites.’ Compared to children with ADPKD, 
children with ARPKD are more likely to have a diminished glomerular 
filtration rate and reduced maximal urine concentrating ability.” 


Radiographic and Gross Features 
The diagnosis of ARPKD can often be made by correlating family 
history with radiographic findings, as the classic presentation of disease 
affects 25% of siblings but not parents.” Renal ultrasound is the 
primary imaging modality employed in screening patients and may 
unmask disease in asymptomatic siblings. Kidneys can be imaged in 
utero or at any time point after birth; however, prenatal ultrasound may 
be unreliable in early pregnancy. Prenatal imaging can be useful in 
determining the size of kidneys and distinguishing unilateral from 
bilateral disease. An inverse relationship between kidney size and age 
can be expected, with massively enlarged kidneys typically encoun- 
tered in utero or at birth, whereas normal-sized to mildly enlarged 
kidneys are seen when patients develop signs of ARPKD in late child- 
hood.” Sonography shows both kidneys to be symmetrically enlarged, 
diffusely hyperechogenic, and lacking corticomedullary differentia- 
tion. Using ultrasound and CT, Kaariainen et al. reported that 
kidneys from children with ADPKD were less echogenic than liver and 
contained cysts larger than 1 cm in diameter, whereas ARPKD kidneys 
are more echogenic than liver and contain cysts smaller than 1 cm.” 
On ultrasound, kidney length in neonatal survivors is at or above 
the 97th percentile for age.™ This pattern holds up under gross inspec- 
tion; neonatal ARPKD kidneys are larger than expected for age (Fig. 
2-7). Although large cysts can grossly distort the ADPKD kidney, the 
ARPKD kidney is less dramatically affected. Cysts on the order of 
centimeters expand ADPKD kidneys into football- and basketball- 
sized organs; however, the much smaller millimeter-sized cysts within 
ARPKD kidneys allow the organ to retain a reniform shape and may 
even manifest residual fetal lobulations (Fig. 2-8). On cross section the 
parenchyma has a uniform spongelike appearance due to diffusely 


Figure 2-7. Autosomal recessive polycystic kidney disease. The kidneys are enlarged bilaterally; however, the reniform shape is maintained. 
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Figure 2-8. Comparision of kidneys procured on the same day from patients with 
autosomal dominant and recessive polycystic kidney disease. Both kidneys are grossly 
enlarged, however; the ADPKD kidney from a 57-year-old adult (/eft) is misshapen and 
irregular with large, variably sized cysts (kidney weight, 1510 grams), whereas the 
ARPKD kidney (right) from a 1-month-old infant has smaller, more uniform cysts and 
maintains a smoother reniform shape (kidney weight, 398 grams). 


dilated collecting ducts. On the capsular surface of the kidney these 
dilated ducts appear as uniformly distributed white opalescent dots 
separated by wedges of normal nephrons.” In the cortex these dilated 
ducts appear as elongated, narrow sacs that run in parallel arrays from 
the corticomedullary junction outward to the nephrogenic zone under 
the fibrous renal capsule. In the medulla the dilated ducts are more 
rounded and cystic. The consequence is loss of distinction between 
cortex and medullary pyramids. 

Ultrasound and CT may provide clues to the presence of congenital 
hepatic fibrosis and associated portal hypertension, which may mani- 
fest as hepatosplenomegaly and directional reversal of portal vein 
flow.**”’ Hepatic fibrosis may shunt blood from the liver to the spleen, 
leading to splenic varices that can be detected by angiography.” 


Histopathology 
ARPKD is considered to be a developmental disease, but in reality the 
renal collecting tubules and ducts develop normally, in the sense that 
they are in their proper location and alignment as they connect 
upstream nephrons to downstream ducts of Bellini. For most surviving 
patients, nephrogenesis is nearly or fully completed.” However, the 
maturation phase of collecting duct growth is abnormal, in that these 
hollow structures dilate circumferentially when they should be length- 
ening longitudinally. This results from defects in molecular and cellular 
signals that control planar cell polarity, which is the “pathway for the 
coordinated polarization of cells within the plane of an epithelial cell 
layer.” In the neonate, the loss of coordinated planar cell polarization 
results in diffuse fusiform dilation of collecting ducts in the cortex and 
medulla. In the childhood form the collecting ducts may be more 
dilated, rounded, and cystic. Cyst walls are lined by cuboidal to low 
columnar epithelial cells. Proximal tubules show little to no expansion, 
and glomerular capillary tufts are unaffected (Fig. 2-9). Interstitial 
hypovascularity has been reported.” 

In neonates with ARPKD, the biliary ductal plate is abnormally 
developed due to a failure of ductal plate remodeling (Fig. 2-10). 


Rather than the usual intrahepatic bile ducts, the liver contains flat- 
tened sacs or compressed disc-shaped dilations of periportal biliary 
ductules.**”* As such, the ducts appear increased in number and size.” 
‘These sacs arise from persistence of embryologic bile duct structures 
that dilate and form macroscopic cysts that connect to intrahepatic bile 
ducts.” The liver also contains fibrosis in the portal tract that can be 
seen at birth and increases with aging, but the relationship of peribili- 
ary fibrosis to cysts is not completely understood.” The combination 
of dilated bile ducts and fibrosis surrounding portal tracts is referred 
to as Caroli syndrome, which is most commonly associated with 
ARPKD, but is not to be confused with Caroli disease.” 


Differential Diagnosis 

Like most inherited cystic kidney diseases, ARPKD is bilateral and 
symmetric with ultrasound showing enlarged, diffusely echogenic 
kidneys with loss of corticomedullary distinction. This pattern may be 
encountered with ADPKD, nephronophthisis (NPHP), glomerulocys- 
tic kidney disease, and diffuse cystic dysplasia.” Compared to ARPKD 
and NPHP, ADPKD has an autosomal dominant rather than recessive 
transmission and typically presents in adulthood, but uncommon 
infantile and childhood variants exist. ARPKD-type medullary duct 
dilation can be confused with medullary sponge kidney, a disease 
rarely found in children.” 


Prognosis and Treatment 

Parents who are carriers of hepatorenal fibrocystic syndrome genes, 
such as those causing NPHP or ARPKD, may first discover that their 
family is affected when their infant dies within the first month of life. 
If these children live past the first few years of life, they have a good 
prognosis for survival, but at least one third of ARPKD patients will 
need renal replacement therapy within the first decade of life.” Accord- 
ing to data from the North American Pediatric Renal Transplantation 
Cooperative study, there are no differences between patients with 
childhood-onset polycystic kidney diseases and non-polycystic kidney 
disease patients in regard to rates of acute rejection or 3-year survival.*° 
Some of these patients also require liver transplantation. Research to 
date promises the possibility of treatment, but currently there is no 
cure; thus, it is essential that further investigation continues. 


Molecular Diagnostics 

PKHD1 mutation analysis for ARPKD is not as readily available as it 
is for ADPKD; however, some research laboratories offer testing. The 
Polycystic Kidney Disease Foundation may direct patients to potential 
testing sites (www.pkdcure.org). Linkage and/or sequence analysis 
requires a considerable amount of time because the gene is large; in 
some circumstances this analysis may not be feasible for prenatal diag- 
nosis. However, mutation screening has proven to be efficient and 
effective in defining PKHD1 mutations.“ 


Unilateral/Localized Renal Cystic Disease 


Most cystic renal diseases are characterized by multiple bilateral cysts 
and, although they may present with apparent unilateral disease, in 
most cases bilateral involvement becomes evident with progression. 
Rarely unilateral renal cystic disease occurs without evidence of bilat- 
eral disease on follow-up, a lack of extrarenal cysts, and no family 
history of renal cystic disease. The initial report of this entity in a 
57-year-old man was published in 1964," and the term unilateral renal 
cystic disease was used to describe this distinct clinical entity in 1989.” 
Localized cystic disease of the kidney has also been used to describe 
these patients; however, the term unilateral polycystic disease should 
not be used to avoid confusion with ADPKD.* 


Figure 2-10. Liver ductal plate malformation in ARPKD. The portal areas are expanded 
by increased numbers of biliary ducts and ductules, some of which appear dilated. 


, Figure 2-9. Autosomal recessive polycystic kidney disease. A, Microscopically the 


kidney contains elongated, variably dilated, and cystic collecting ducts. B, The cysts 
are lined by cuboidal epithelium. C, Antibody to CAM 5.2 (brown) labels epithelial 
cells along cyst walls but not immature glomeruli (arrows). Antibody to smooth muscle 
actin (red) highlights arterioles (arrowheads), with weak labeling of interstitial stromal 
cells. Smooth muscle collars are not seen. 


Pathogenesis 
The pathogenesis is unknown but the disease is not related to ADPKD.” 


Incidence and Demographics 

Isolated unilateral or localized renal cystic disease is rare, with only a 
few reported cases. The patients described have ranged in age from 10 
months to 79 years, with a male predominance.” 


Clinical Manifestations 

The clinical presentation of localized cystic disease is variable; however, 
an abdominal mass, gross or microscopic hematuria, and flank pain 
have been described. Unilateral renal cystic disease may also present 
as an incidental finding on imaging studies done for other reasons.” 


Radiographic and Gross Features 

Unilateral renal cystic disease is characterized by cysts of varying sizes 
localized in a diffusely enlarged kidney without forming a distinct 
encapsulated mass. Except for unilaterality, the gross and microscopic 
findings are indistinguishable from those of ADPKD.® The extent of 
involvement of the affected kidney varies from partial, usually polar 
involvement to involvement of the entire kidney (Fig. 2-11). Scattered 
calcifications in the cyst walls and hyperattenuation on CT scan may 
also be seen. The renal parenchyma is completely or segmentally 
replaced by a conglomerate of cysts of varying sizes with no 
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Figure 2-11. CT scan of unilateral cystic kidney disease. The right kidney is enlarged 
and contains multiple, variably sized cysts (arrow). The left kidney is uninvolved. 


encapsulation. The cysts usually contain clear yellow fluid; however, 
they may also contain hemorrhagic fluid. No solid masses or papillary 
formations are present.** 


Histopathology 

Microscopically the cysts are lined by flattened epithelium and are 
separated by attenuated normal or atrophic renal parenchyma. Unin- 
volved renal tissue is normal. 


Differential Diagnosis 

Patients presenting with unilateral cystic renal disease should not be 
labeled as having a heritable, progressive polycystic kidney disease. To 
exclude ADPKD or ARPKD, long-term follow-up is required to assess 
for the development of cysts in the contralateral kidney and to evaluate 
for extrarenal manifestations such as liver cysts or hepatic fibrosis. 
Gathering a thorough family history is necessary. 

Unilateral multicystic renal dysplasia may resemble localized renal 
cystic disease radiographically; however, the kidney in multicystic 
renal dysplasia is irregular and usually does not maintain a reniform 
shape. Microscopically the dysplastic kidney shows a lack of normal 
cortical and medullary differentiation and focal cartilage formation. 
The cysts are lined by flattened epithelium; however, the intervening 
stroma is abnormal. 

Localized renal cystic disease may be confused with cystic neo- 
plasms, particularly cystic nephroma, mixed epithelial and stromal 
tumor, and multicystic RCC and rarely cystic Wilms tumor and cystic 
partially differentiated nephroblastoma. The presence of a fibrous 
capsule radiographically should raise suspicion of a cystic renal neo- 
plasm. Thorough sampling of resected specimens, with particular 
attention to the intervening parenchyma and the fibrous septae, is 
necessary (Table 2-4). 


Prognosis and Treatment 

Localized cystic disease of the kidney is not associated with renal insuf- 
ficiency, and surgical intervention is usually not necessary unless the 
kidney is symptomatic secondary to cyst hemorrhage or infection, or 
if there is a radiographic suspicion of a neoplastic process. 


Solitary and Multiple Renal Cysts 


Solitary renal simple cyst and multiple renal simple cysts are the most 
frequent, usually unilateral cystic lesions of the kidney in the adult, 


Table 2-4. Differential Diagnosis of Localized Renal Cystic Disease 
Lesion 
ADPKD 


Differentiating Features 


Bilateral cysts with progression; extrarenal 
manifestations present 


Unilateral MCDK Primitive tubules, cartilage; lack of normal 


cortical-medullary differentiation 


Cystic nephroma/MEST Circumscribed lesion, often with ovarian-type stroma 


in septae 


Multicystic renal cell 
carcinoma 


Circumscribed lesion with clear cells lining cysts and 
forming solid nodules 


Cystic Wilms tumor/CPDN Immature tubules; stroma and/or blastema in septae 


Localized renal cystic Unilateral, localized cysts lined by flat to cuboidal 
disease cells 


ADPKD, autosomal dominant polycystic kidney disease; CPDN, cystic partially differentiated nephro- 
blastoma; MCDK, multicystic dysplastic kidney; MEST, mixed epithelial and stromal tumor. 


particularly the elderly, and are typically located in the cortex. They 
usually arise in nondiseased kidneys. 


Pathogenesis 
Simple cysts likely originate from the distal convoluted tubule or col- 
lecting ducts.*° 


Incidence and Demographics 

Simple renal cysts are seen in approximately 5% of the general popula- 
tion of any age undergoing abdominal ultrasound for unrelated 
reasons.” The incidence increases to 20% of individuals at age 40 and 
33% in those older than age 60. Simple renal cysts are rare in children 
and infants and when present are usually solitary. Simple renal cysts 
can occur in multiple generations, and a rare form of autosomal domi- 
nant simple cyst disease may exist.'° 


Clinical Manifestations 

Simple renal cysts are usually asymptomatic and are often discovered 
as an incidental finding on abdominal ultrasound performed for an 
unrelated reason. 


Radiographic and Gross Features 

The cysts may be unilocular or multilocular but should not contain 
solid areas (Fig. 2-12). The surrounding renal parenchyma is 
normal. 


Histopathology 

Simple cysts are lined by flattened to cuboidal epithelium with small 
bland-appearing nuclei. Hyperplastic and micropapillary foci are 
absent. 


Differential Diagnosis 

The presence of multiple simple cysts may suggest the possibility of 
acquired cystic renal disease; however, the adjacent parenchyma is 
normal and there is no clinical evidence of chronic kidney disease. 
Patients with preexisting renal disease, such as hypertensive nephro- 
sclerosis or diabetic glomerulosclerosis, however, may have a few 
simple cysts that are unrelated to the presence of renal disease. The 
primary concern is distinction from malignant cystic RCC, which are 
more commonly complex with septations and solid areas. Benign cysts 
should also be distinguished from sinus cysts, pelviectasis, and urinary 
tract obstruction.® If bilateral, multiple renal cysts may be difficult to 
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Figure 2-12. Simple renal cyst. The cut surface of this kidney demonstrates a unilocu- 
lar cyst with a smooth lining that lacks papillary projections or solid areas. 


differentiate from ADPKD; however, extrarenal cysts and other fea- 
tures of ADPKD are absent. 


Prognosis and Treatment 

Solitary or multiple simple renal cysts in a normal kidney usually 
require no therapy, unless there is radiographic suspicion of malig- 
nancy, the cyst becomes secondarily infected, or there is symptomatic 
intracystic hemorrhage or significant enlargement causing urinary 
tract obstruction. 


Multicystic Renal Dysplasia 


Renal cysts may arise from abnormal development or abnormal matu- 
ration. Multicystic dysplastic kidney (MCDK) begins with an aberra- 
tion of kidney development at the level of ureteric bud formation and/ 
or ureteric bud-metanephric mesenchyme interface, which results 
in an abnormally developed, nonfunctioning collecting system and 
nephron in addition to persistent abnormal structural changes, 
including cysts, metaplastic cartilage, and immature mesenchymal 
elements.’*” Although MCDK was first described at autopsy in 1836, 
it was not identified as a discrete entity until 1955.” 


Pathogenesis 

Although MCDK is believed to be nonhereditary, an estimated 10% of 
children with dysplasia/agenesis may have a family history of renal or 
urinary tract disease, suggesting a genetic component.' Recent molecu- 
lar studies demonstrated monogenic and compound heterozygote 
mutations, including single gene mutations affecting TCF2/hepatocyte 
nuclear factor 1ss, PAX2, and uroplakins.' 


Incidence and Demographics 

MCDK is one of the most common congenital urinary tract abnor- 
malities and is part of the spectrum of CAKUT.’ The reported inci- 
dence of MCDK ranges from 1:3640 to 1:4300 live births” and may 
occur as part of Potter syndrome. MCDK is among the most common 
entities underlying palpable masses in children, with unilateral disease 
more common than bilateral. Bilateral disease may account for up 
to one third of cases. Although cases of familial MCDK have been 
reported, it is believed to be sporadic most of the time.” Most patients 
usually have unilateral disease, but disease can be segmental or bilat- 
eral. Clinical studies of unilateral MCDK showed equal distribution 
between the right and left kidneys, with slight male predominance.” 


Clinical Manifestations 

Cases of bilateral MCDK can lead to fetal death secondary to oligohy- 
dramnios sequence with associated pulmonary hypoplasia. If fetal 
demise is circumvented, then survival may be met with subsequent 
advanced chronic kidney disease (i.e., ESRD) during the early years 
of life.” Unilateral MCDK was historically diagnosed by palpation of 
a flank mass. Patients with unilateral lesions can retain renal function 
by the contralateral kidney.” The current use of fetal ultrasound has 
markedly increased the identification of MCDK, with about two thirds 
of cases now discovered prenatally.” 

Multicystic dysplastic kidney can be coupled with upper and lower 
genitourinary tract malformations, with vesicoureteral reflux being the 
most common associated abnormality.” Malformations involving the 
cardiovascular, digestive, and central nervous systems were observed 
in addition to the recently described association with Kallmann 
syndrome." 


Radiographic and Gross Features 

Ultrasonographic features usually include enlarged bright kidneys with 
randomly distributed multiple thin-walled cysts and hyperechogenic 
intervening parenchyma.’ Grossly, dysplastic kidneys can be of any 
size, ranging between massive kidneys with multiple large cysts resem- 
bling a bunch of grapes to small hypoplastic kidneys (Fig. 2-13).” 
Hydronephrosis is not uncommon. ‘The pelvicalyceal system, ureter, 
and renal vessels may be atrophic or absent. '° 


Histopathology 

In addition to cysts, MCDK may manifest with nests or islands of 
cartilage, but these are not present in all patients (Fig. 2-14). More 
commonly, and nearly universal, are primitive tubules or ducts sur- 
rounded by concentric rings of immature stroma or collars of smooth 
muscle (Fig. 2-15).’° If these features are not seen in preliminary or 
deeper tissue sections but MCDK is suspected, then additional tissue 
blocks of both cortex and medulla are likely to be informative. The 
epithelial lining cells of renal cysts are usually cuboidal (Fig. 2-16), and 
they distinguish themselves from normal nephron segments by their 
primitive appearance.” Although nephrogenic rests are observed more 
frequently than in the general population (2% to 6.7% versus 0.9%), 
they are believed to regress and do not increase risk for Wilms tumor 
or RCC." 

Some authors grade the severity of dysplasia as mild or severe 
depending on the degree of renal shape deformity and preservation 
of corticomedullary differentiation.” A parallel relationship between 
severity of MCDK and the associated urinary obstruction is 
observed.” 


Differential Diagnosis 

The differential diagnosis of MCDK includes ADPKD, ARPKD, glo- 
merulocystic kidney disease, and acquired cystic disease. The finding 
of primitive tubules and ducts and islands of cartilage within the inter- 
vening renal parenchyma between cysts is diagnostic of MCDK, and 
is lacking in ARPKD and ADPKD. Glomerular cysts may be seen in 
dysplastic kidneys; however, the other features of dysplasia are absent 
in glomerulocystic kidney disease. 


Prognosis and Treatment 
From 19% to 74% of MCDK cases tend to regress completely over 
variable periods of time up to 10 years; 24% to 81% of cases are associ- 
ated with compensatory hypertrophy of the contralateral kidney.” 
There is no reversible therapy. 

The prognosis in patients with dysplastic kidneys depends on 
whether the dysplasia is unilateral or bilateral and whether it is 
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Figure 2-14. Multicystic dysplastic kidney. Microscopically the kidney shows disor- 
dered cortical medullary differentiation with focal cartilage (arrows). 


associated with syndromes or not; bilateral cases or cases with associ- 
ated cardiovascular or CNS anomalies carry the worst outcome.’ 

The management of unilateral MCDK is usually conservative and 
includes serial ultrasonography along with monitoring of blood pres- 
sure and serum creatinine level. Surgical removal is reserved for com- 
plicated cases, including those with uncontrolled hypertension or 
malignancy.” Studies have proven that the risk of hypertension or 
malignant transformation in those with MCDK is not greater than that 
of the general population.” 


Renal Cystic Disease in Multiple 
Malformation Syndromes 


Pluricystic kidney is a term that has been suggested to describe multiple 
renal cysts in inheritable and noninheritable extrarenal syndromal 
anomalies (pluricystic kidney of the multiple malformation syn- 
dromes). A number of syndromes have been reported, including 
Meckel-Gruber syndrome; Joubert syndrome; oral-facial-digital syn- 
drome type I; trisomies 9, 13, 18, and 21; short-rib-polydactyly 


BE 
Figure 2-15. Multicystic dysplastic kidney. The immature tubules (T in panel A) are 
surrounded by collarettes of smooth muscle and mesenchymal tissue (anti-smooth 
muscle actin, red, in panel B). 
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RS, 208 SCS 
Figure 2-16. Multicystic dysplastic kidney. The epithelial cells lining the cysts (arrow) 
are cuboidal with a primitive appearance. 


syndrome; Jeune syndrome (asphyxiating thoracic dystrophy); Zellwe- 
ger (cerebrohepatorenal) syndrome; VATER association; lissencephaly; 
renal-hepatic-pancreatic dysplasia; glutaric aciduria type II; Ellis-van 
Creveld syndrome; Elejalde syndrome; Peutz-Jegher syndrome; Robert 
syndrome; and Bardet-Biedl syndrome." Only Meckel-Gruber syn- 
drome and Joubert syndrome are discussed further as illustrations of 
renal cystic disease in multiple malformation syndromes. 


Meckel-Gruber Syndrome 


Meckel-Gruber syndrome (MKS) is a lethal autosomal recessive disor- 
der that is characterized by anomalies of the CNS (occipital encepha- 
locele), fibrotic changes in the liver (ductal plate malformations), and 
bilateral multicystic kidneys.” Other manifestations include malfor- 
mations of the hands and feet, cleft palate, cardiac abnormalities, and 
incomplete development of internal and external genitalia.” 


Pathogenesis/Genetics 

MKS is phenotypically variable and genetically heterogeneous with 
three loci mapped based on linkage analysis of families of various 
origins: MKS1 on chromosome 17p23 in Finnish families predomi- 
nantly, MKS2 on 11q13 in Middle Eastern/North African families, and 
MKS3 on 8q21-24 in South Asian families. Positional cloning in 
affected families and the discovery of an animal model for MKS3 (the 
wpk rat) led to the discovery of MKS1 and MKS3 genes.” Analysis of 
MKS proteins, MKS1 and meckelin, suggests involvement in the ciliary 
body/basal body axis similar to other disorders involving cystic 
kidneys.” MKS1 and meckelin are required for centrosome migration 
and cilliogenesis and interact with actin-binding isoforms of nesprin-2 
that are important scaffold proteins for maintenance of the actin cyto- 
skeleton, nuclear positioning, and nuclear-envelope architecture.” 
MKS is therefore a member of the ciliopathy class of inherited human 
disorders.” 


Incidence and Demographics 

The incidence of MKS varies from 1:13,250 to 1:140,000 live births; 
however, it is more common in Belgian and Finnish populations, 
where the incidence is 1:3000 and 1: 9000 live births, respectively.’ 
Males and females are affected equally; once diagnosed in one child, 
the subsequent risk of giving birth to a second child with MKS is 25% 
for each pregnancy.” MKS is the most common syndromic form of 
neural tube defects and polydactyly. The prevalence of MKS in fetuses 


diagnosed with hyperechoic kidneys is approximately one third of the 
incidence for ARPKD in the same population, suggesting a risk of 
approximately 1:60,000 and a carrier rate of approximately 1: 250.” 


Clinical Manifestations 

The diagnosis of MKS can be made prenatally during routine ultraso- 
nograpic screening for fetal chromosomal abnormalities at 11 to 14 
weeks’ gestation. MKS is characterized by the finding of occipital 
encephalocele, postaxial polydactyly, and cystic kidneys predomi- 
nantly; however, the sonographic characteristics depend on gestational 
age.” Oligohydramnios is also present and usually occurs earlier in 
pregnancy than in other malformation syndromes.” The phenotypic 
manifestations vary among cases; however, patients with MKS typically 
die in the neonatal period, primarily of lung and renal failure.” 


Radiographic and Gross Features 

The kidneys in MKS are enlarged with early ultrasonographic demon- 
stration of an unusual corticomedullary differentiation appearance 
during the first and early second trimester. During the first trimester, 
the normal kidney is relatively hyperechoic on ultrasound, and corti- 
comedullary differentiation is rarely observed before 20 to 21 weeks’ 
gestation. In MKS kidneys the unusual corticomedullary differentia- 
tion is evident in the first trimester, as early as the 12th week.” 

Most patients also have cysts that are generally less than 5 mm in 
size within the medullary pyramids, producing a mottled appearance 
to the medulla. In older pregnancies the kidney is affected more glob- 
ally and the cysts are more diffusely present within the cortex and 
medulla (Fig. 2-17).'” 

The cystic kidney lesions affect more mature collecting tubules and 
preferentially affect the renal medulla while normal nephrogenic areas 
persist at the periphery of the cortex. The lesions thus appear to develop 
in a centrifugal pattern and involve the entire kidney by the time the 
fetus reaches term.’® In the peripheral cortex, the cysts are very small 
and are larger centrally with the largest cysts present in the medulla.™* 


Figure 2-17. Meckel-Gruber syndrome. This bisected left kidney weighed 54 grams 
(expected weight, 11 grams) and was procured at the autopsy of a 36-week + 2-day 
gestational age infant with Potter's facies. Cysts were apparent in the kidney by fetal 
MRI 16 weeks prior to cesarean section. Grossly the kidneys have an irregular outer 
surface and poor cortical and medullary demarcation. A sibling was subsequently 
diagnosed with Meckel-Gruber syndrome. (Photograph provided by Dr. Dean Hawley, 
Indiana University School of Medicine.) 
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cortical and medullary cysts within a loose mesenchymal stroma lined by cuboidal 
epithelium. A subcapsular nephrogenic zone is present (arrows). 


Ab ey a Peay Wi od Tare’ e ch £ 
Figure 2-19. Meckel-Gruber syndrome. The liver shows expansion of portal regions 
by loose connective tissue with peripherally arranged proliferating bile ductules. 


Histopathology 
The renal architecture is distorted by numerous, variably sized cortical 
and medullary cysts with an intervening loose edematous stroma. A 
subcapsular nephrogenic zone may be present with normal maturation 
but markedly decreased nephron numbers. Smaller cysts are lined by 
cuboidal cells with eosinophilic cytoplasm; larger cysts are lined by 
flattened epithelium (Fig. 2-18). Glomerular cysts may also be present. 
The liver architecture is generally intact without cysts. Portal 
regions are expanded by loose connective tissue with peripherally 
arranged proliferating bile ducts (Fig. 2-19). Bile ducts are focally 
ectatic but only minimally dilated.” 


Differential Diagnosis 
The differential diagnosis of MKS includes a number of malformation 
syndromes with similar features (Box 2-3), such as Smith-Lemli-Opitz 
syndrome, hydrolethalus syndrome, trisomy 13, and Bardet-Biedl 
syndrome. 

Smith-Lemli-Opitz syndrome is an autosomal recessive condition 
with multiple malformations of the CNS and genitourinary tract, 


Box 2-3. Malformation Syndromes with Renal Cysts 


Syndrome 

eckel-Gruber syndrome 
Oral-facial-digital syndrome type | 
Irisomies 9, 13, 18, and 21 
Short-rib-polydactyly syndrome 

eune syndrome (asphyxiating thoracic dystrophy) 
Zellweger (cerebrohepatorenal) syndrome 
VATER association 

Lissencephaly 

Renal-hepatic-pancreatic dysplasia 
Glutaric aciduria type II 

Ellis-van Creveld syndrome 

Elejalde syndrome 

Peutz-Jegher syndrome 

Robert syndrome 

Bardet-Bied! syndrome 


postaxial polydactyly, and abnormal remodeling of the liver ductal 
plate; however, unlike MKS, patients have a broad forehead, bilateral 
ptosis, epicanthal folds, and transverse palmar creases. Hydrolethalus 
syndrome is a recessively inherited lethal malformation syndrome 
characterized by polydactyly, micrognathia, and hydrocephaly with 
absent midline structures in the brain; however, it is not linked to cystic 
kidneys or liver ductal plate malformations. Patients with trisomy 13 
have a variety of CNS abnormalities, cystic renal dysplasia, postaxial 
polydactyly, pancreatic dysplasia, cardiovascular malformations, and 
ocular abnormalities, but is not linked to liver fibrosis.” Bardet-Biedl 
syndrome is characterized by postaxial polydactyly, progressive retinal 
dystrophy, obesity, hypogonadism, learning difficulty, and renal cysts 
with progressive renal dysfunction. Diabetes mellitus, ataxia, heart 
disease, dental malformations, and hepatic fibrosis are also described.” 
Unlike MKS, patients with Bardet-Biedl syndrome lack the liver ductal 
plate abnormality and encephalocele. 

Radiographically the cysts in MKS can resemble those of ARPKD; 
however, the cysts in ARPKD are small, involve primarily the collect- 
ing ducts, and are radially oriented whereas the cysts in MKS are 
randomly distributed. 


Prognosis and Treatment 

MKS is lethal in the neonatal period, with 100% mortality. Most infants 
are stillborn or die hours or days after birth of respiratory failure. 
When MKS is suspected, a karyotype study should be done to exclude 
a chromosomal disorder, particularly trisomy 13; if a diagnosis of MKS 
is made before viability, termination can be offered.”° 


Joubert Syndrome 


Joubert syndrome was originally described in 1969 in four siblings 
with agenesis of the cerebellar vermis who presented with episodic 
hyperpnea, abnormal eye movements, ataxia, and intellectual dis- 
ability."°* A pathognomonic midbrain-hindbrain malformation that 
includes cerebellar vermis hypoplasia and malformation of the brain- 
stem, referred to as the molar tooth sign (MTS) was initially described 
in Joubert syndrome and later in other conditions previously consid- 
ered to be distinct entities, resulting in the term Joubert syndrome and 
related disorders (JSRD) to encompass the conditions sharing the 
MTS." Joubert syndrome may also be considered an oculo-cerebello- 
renal syndrome because of the coincident involvement of all three 
organ systems." 

Joubert syndrome is an autosomal recessive disorder characterized 
by a specific midbrain-hindbrain malformation (MTS), hypotonia, 
and developmental delay, with or without oculomotor apraxia and 
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TABLE 2-5. NPHP and MCKD with Overlapping Syndromes 
Gene Locus Protein Chromosome Syndrome 
NPHP1 PHP 1/JBTS4 Nephrocystin 1 2q13 PHP (juvenile), SLS 
INVS PHP2 Inversin (Nephrocystin 2) 9q31 PHP (infantile), SLS 
NPHP3 PHP3 Nephrocystin 3 3q22.1 PHP (adolescent), SLS 
NPHP4 PHP4 Nephroretinin (Nephrocystin 4) p36 PHP (juvenile), SLS 
IQCB1 PHP5 IQ motif containing B1 (Nephrocystin 5) 3q21.1 SLS 
CEP290 PHP6/JBTS5 Centrosomal protein 290 kDa (Nephrocystin 6) 2q21.32 PHP (juvenile), JBTS, SLS, MKS 
GLIS2 PHP7 GLl-similar 2 6p13.3 PHP (juvenile) 
RPGRIPIL PHP8/JBTS7 RPGRIP1-like 6q12.2 PHP (juvenile), JBTS, SLS, MKS 
NEK8 PHP9 IMA-related kinase 8 7q11.1 PHP (juvenile), SLS 
SDCCAG8 PHP 10 Serologically defined colon cancer antigen 8 q43 PHP w/SLS or BBS 
MKS3/TMEM67 PHP11/JBTS6 Transmembrane protein 67 8q22.1 PHP, JBTS, MKS, LF 
XPNPEP3 PHPL1 X-prolyl aminopeptidase 3 22q13.2 PHP-like 
TMEM216 (CORS2) JBTS2 Transmembrane protein 216 11q13.1 BTS, NPHP 
AHI1 JBTS3 Abelson helper integration site 1 (Jouberin) 6q23.3 BTS, NPHP 
CC2D2A JBTS9 Coiled-coil and C2 domain containing 2A 4p15.32 BTS, NPHP 
TTC21B JBTS11 Intraflagellar transport protein 139 2q24.3 PHP, JADT 
ATXN10 Ataxin 10 22q13.31 PHP, LF, JBTS 
WDR19 Intraflagellar transport protein 144 4p14 PHP, JADT, SS 
MCKD1 MCKD1 102 CKD 
UMOD MCKD2 Uromodulin (Tamm-Horsfall) 16p12.3 CKD 
UMOD FJHN Uromodulin (Tamm-Horsfall) 16p12.3 FJHN 


From Wolf MT, Hildebrandt F: Nephronophthisis. Pediatr Nephrol (Berlin). 2011;26:181—194; Chaki M, Hoefele J, Allen SJ, et al: Genotype—phenotype correlation in 440 patients with NPHP-related ciliopathies. 
Kidney Int. 2011;80:1239-1245; Benzing T, Schermer B: Clinical spectrum and pathogenesis of nephronophthisis. Curr Opin Nephrol Hypert. 2012;21:272-278; Saunier S, Salomon R, Antignac C: Nephro- 
nophthisis. Curr Opin Genet Devel. 2005;15:324-331; and Scolari F, Ghiggeri GM: Nephronophthisis-medullary cystic kidney disease: from bedside to bench and back again. Saudi J Kideny Dis Transpl. 


2003; 14:316-327. 


BBS, Bardet-Bied! syndrome; FJHN, familial juvenile hyperuricemic nephropathy; JADT Jeune syndrome; JBTS, Joubert syndrome; LF, liver fibrosis; MCKD, medullary cystic kidney disease; MKS, Meckel-Gruber 


syndrome; NPHP, nephronophthisis; SLS, Senior-Loken syndrome; SS, Sensenbrenner syndrome. 


breathing abnormalities.'"'°° Patients with JSRD share these features 
as well as other CNS anomalies, polydactyly, ocular coloboma, retinal 
dystrophy, renal disease, and hepatic fibrosis. Some of these features 
are not apparent at birth.'°° 


Pathogenesis/Genetics 

An expanding list of chromosome loci and genes have been reported for 
Joubert syndrome (http://www.ncbi.nlm.nih.gov/books/NBK1325/). 
Homozygous deletion of the NPHP1 gene is causative in 1% to 2% of 
JSRD patients with MTS, retinal dystrophy, and NPHP. Mutations in 
the AHIJ gene are causative in 10% to 15% of patients, many of whom 
have retinal dystrophy and, in some cases, polymicrogyria or later 
onset of NPHP. Mutations in the CEP290 (NPHP6) gene causing app- 
roximately 10% of JSRD are associated with retinal dystrophy and/or 
congenital blindness and renal disease in some families.'°° See Table 2-5. 


Incidence and Demographics 
The incidence of JSRD is not known; however, it is estimated to range 
between 1:80,000 and 1:100,000 live births in the United States. This 


estimation may be low because of the varied phenotype." Kidney 
disease is relatively common in JSRD, with a prevalence of up to 30%; 
however, it may be higher on long-term follow-up.'”° 


Clinical Manifestations 

A clinical diagnosis of JSRD should be suspected in all infants present- 
ing with hypotonia, abnormal eye movements, and developmental 
delay as well as periods of apnea alternating with hyperpnea.'” 

Two forms of kidney disease are described: multicystic dysplasia 
and NPHP.’” Multicystic dysplasia may be identified by ultrasound 
findings of multiple cysts of varying sizes in immature kidneys with 
fetal lobulations and may be present at birth. There is an association 
between multicystic dysplasia of the kidney and retinal dysplasia in 
these patients. Children with Joubert syndrome who lack retinal dys- 
trophy also lack renal cysts, whereas renal cysts are reported in approx- 
imately 35% of patients with retinal dystrophy.'’” 

More commonly patients with JSRD have NPHP characterized by 
tubulointersititial nephritis and cysts concentrated at the corticome- 
dullary junction. Most children with NPHP present with concentrating 
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defects in the first or second decade of life, manifested by polydipsia, 
polyuria, anemia, and growth failure with ESRD by approximately 
age 13. 

The radiographic and gross features, histopathology, and differen- 
tial diagnosis of multicystic dysplasia of the kidney and NPHP are 
discussed elsewhere in this chapter. 


Prognosis and Treatment 

The prognosis in infants is related to the extent and severity of breath- 
ing dysregulation, particularly apnea. Prolonged apneic episodes can 
be life-threatening and may require assisted ventilation. Later in life 
renal and hepatic complications represent the major causes of death in 
JSRD patients.'” 


Nephronophthisis and Medullary Cystic 
Kidney Disease 


Nephronophthisis (NPHP) and medullary cystic kidney disease 
(MCKD) comprise a group of hereditary cystic kidney diseases that 
share common morphologic features but are differentiated based on 
age of onset of ESRD, extrarenal organ involvement, and distinct 
modes of inheritance and underlying gene mutations.' Over half a 
century ago MCKD and NPHP were originally described as two sepa- 
rate entities in the American and European literature.''' They were later 
grouped together based on recognition of their overlapping renal his- 
topathology'''’> and the subsequent presumption of converging 
pathophysiology,''°""® which is why they are presented together in this 
chapter. However, others have proposed that the two entities remain 
separate diagnostic categories, which is an approach we favor. Support 
for the distinction comes from the relatively recent discoveries of more 
than a dozen mutated genes''''!”''* implying that NPHP and MCKD 
are genetically distinct conditions that target the same organs and, in 
some cases, organelles. Along with other genes implicated in cystic 
kidney diseases, many of the NPHP gene products are expressed in the 
cilium-centrosome complex. Thus, to honor the organelle projecting 
from the apical surface of renal tubular epithelial cells, the NPHP 
disease spectrum has been further expanded to include the new cate- 
gory of ciliopathies®" 

The first report of medullary cystic disease, by Thorn et al. in 1944, 
designated a salt-losing nephritis that simulated adrenocortical insuf- 
ficiency.’*' In 1945, Smith and Graham described a sporadic case of 
congenital MCKD identified at autopsy. The decedent was an 8-year- 
old girl with severe anemia, uremia, and hyposthenuria.’” In 1954 
Hogness and Burnell reported similar pathology affecting adults.'” In 
the intervening time Fanconi et al. separately attributed “familial juve- 
nile nephronophthisis” to similar lesions found in seven children from 
two kindreds.'** In 1967 Strauss and Sommers offered that MCKD and 
NPHP were the same disease’; Gardner in 1971 proposed that the 
two entities remain separate.” When the characteristic tubulointersti- 
tial pathology was encountered, some authors elected to assign NPHP 
to the recessively transmitted disease, whereas MCKD was preferred 
when the dominant variant was encountered. Others have proposed 
using NPHP as a term for both forms, with the added subclassification 
of recessive, dominant, and sporadic.” 

Since the appearance of these early cases, there have been reports 
of hundreds of patients with NPHP'” including genotype-phenotype 
correlations of NPHP-related ciliopathies, some of which show overlap 
with other rare syndromes, including Joubert syndrome, MKS, and 
Senior-Loken syndrome.''”""*'”” As genetic testing becomes available 
to more patients, a firm diagnosis based on genotype will provide 
the advantage of precisely defining the responsible mutation(s) 


while affording optimal guidance for genetic counseling of affected 
families. 


Pathogenesis/Genetics 

NPHP, containing the Greek root phthisis for “wasting away,’ is trans- 
mitted in an autosomal recessive manner and presents early in life, 
usually within the first two decades.'** In contrast, MCKD is an auto- 
somal dominant disease that usually manifests as chronic kidney 
disease in middle-aged adults.""'” Both diseases have been grouped 
into a NPHP/MCKD complex due to shared clinical presentations and 
pathology; however, NPHP and MCKD are genetically distinct. Both 
diseases are linked to mutations in a growing list of genes that have 
been mapped to chromosomal loci shared with other syndromes (see 
Table 2-5). These syndromes include Joubert syndrome, MKS, Senior- 
Loken syndrome (SLS), and others. NPHP and NPHP-associated syn- 
dromes have in common a direct or indirect association with cilia, 
hence their designation as ciliopathies. At least 13 different genes have 
been isolated for NPHP or NPHP-like syndromes (NPHP1 to NPHP11, 
AHI1, and CC2D2A)''* and two different loci identified for MCKD 
(MCKD1 and MCKD2)."° Mutations in the genes responsible for 
NPHP1 and NPHP4 (encoded by NPHP1 on chromosome 2q13 and 
NPHP4 on chromosome 1p36, respectively) are responsible for two 
familial juvenile variants." The NPHP1 gene encodes nephrocystin 
1 and is responsible for 20% of the isolated renal form of NPHP."”” 
Mutations in INVS (nephronophthisis 2 or NPHP2) on chromosome 
9q31 are responsible for the infantile variant in humans’**'** and were 
first identified in mice with inversion of embryonic turning (Invs). 
INVS encodes the protein inversin. Mutations in nephronophthisis 3 
(NPHP3) on chromosome 3q22 are responsible for adolescent NPHP, 
tapetoretinal degeneration, and hepatic fibrosis. The NPHP3 gene 
encodes nephrocystin 3. 

For more in-depth discussions of the known NPHP gene mutations 
and associated phenotypes, the reader is directed to a number of excel- 
lent publications.°"7"*"7 

The genes MCKD1 and MCKD2 have been localized to chromo- 
some 1q21 and 16p12, respectively.'"' MCKD is phenotypically similar 
to familial juvenile hyperuricemic nephropathy (FJHN).'''° The 
responsible gene mutation for some cases of FJHN maps near the locus 
for MCKD2 on chromosome 16p12,'*”'* and both diseases share over- 
lapping clinical and pathologic features.''''”” Therefore, MCKD and 
FJHN may be allelic variants of the same disease; hence their proposed 
designation as uromodulin-associated kidney diseases.’ 


Incidence and Demographics 

The incidence of NPHP/MCKD is not known with certainty," 
although a number of publications report that NPHP is a frequent 
cause of chronic renal failure in children’ and perhaps the most 
common genetic cause of ESRD in the first three decades of life." 
Of 438 children receiving renal allografts in one Italian transplant 
program, almost 20% had NPHP."*° In a study of 154 children with 
ESRD, 9 patients (5.8%) aged 6 to 16 had “medullary cystic kidneys” 
(likely NPHP), with 8 of the children in the 11- to 16-year-old group. 
These patients were referred to a pediatric dialysis and transplant 
program serving northern California and northern Nevada, which also 
included 2 children (1.3%) with infantile polycystic kidneys (presum- 
ably ARPKD) and 4 children (2.6%) with hereditary renal-retinal 
dysplasia.“ 

Nephronophthisis presents in juvenile, infantile, and adolescent 
stages. Juvenile NPHP is the most frequent variant of the NPHP/ 
MCKD complex and is inherited as autosomal recessive disease with 
onset of ESRD within the second decade of life (mean age, 13 years), 
although clinical signs may manifest in early childhood.'!"'*'° 


Renal Cystic Diseases 


Infantile NPHP (NPHP2) is rare and was first described in seven 
infants who developed ESRD before age 2 years (range, 11 to 22 
months).'” Similar clinical and histopathologic features with early 
onset were seen in 10 NPHP2-affected infants from a Bedouin kindred 
in Israel,” which was attributed to mutations in the gene encoding 
inversin.'** The adolescent form of NPHP has a mean age at onset of 
19 years.’ 

Medullary cystic kidney disease is less common than NPHP, with 
only 55 families described up to the year 2000.""' Gardner tracked at 
least three generations of nonconsanguineous MCKD in two unrelated 
kindreds, noting that disease presented in one family between ages 14 
and 36, and in the other family between ages 28 and 49.'* MCKD has 
dominant inheritance and two variants: MCKD1, with median onset 
of ESRD at 62 years, and MCKD2, with a median onset of ESRD at 
32 years. ™ 


Clinical Manifestations 

NPHP and MCKD have some of the same clinical manifestations but 
with different ages of onset. Initial symptoms are relatively limited and 
related to tubular dysfunction due to reduced urine concentrating 
ability and a decrease in sodium conservation. This manifests as poly- 
uria and polydipsia, which occur with or without structural cysts. "? 
An inability to concentrate urine is a feature of other inherited cystic 
diseases, including ADPKD and Bardet-Biedl syndrome. Polyuria and 
polydipsia may appear between ages 4 and 6 in NPHP patients, but 
later in MCKD. Urine sediment is usually bland with little to no pro- 
teinuria.''' Patients may experience nocturia, which may manifest as 
secondary enuresis in children with NPHP. As disease progresses and 
renal failure ensues, patients with MCKD and NPHP develop anemia, 
metabolic acidosis, hypertension, and uremic symptoms.'''' In 
younger patients with NPHP, growth retardation may develop due to 
progressive loss of kidney function.'’*°'*° The mean age of onset for 
ESRD in children with NPHP type 1, the most common type, is 13 
years.’ In MCKD, progression to ESRD may occur by age 50, at which 
time patients require renal replacement therapy.''' NPHP2 infants in 
a Bedouin kindred had no polyuria, polydipsia, or ocular or hepatic 
disease, but developed anemia, hyperkalemic metabolic acidosis, 
increased serum creatinine level, eventual hypertension, variable fetal 
oliguria and oligohydramnion with postnatal respiratory failure, and 
eventual ESRD.'*’ Some of these patients had situs inversus.'** 

Extrarenal involvement is seen in a small percentage of NPHP and 
MCKD patients, whereas it is the norm in ADPKD and ARPKD. Extra- 
renal disease occurs in 10% to 15% of NPHP patients, many in associa- 
tion with overlapping syndromes, including retinal degeneration 
(Senior-Loken syndrome), cerebellar vermis aplasia (Joubert syn- 
drome), oculomotor apraxia (Cogan syndrome), and cone-shaped 
epiphyses of the phalanges (Mainzer-Saldino syndrome), liver fibrosis, 
or situs inversus." 

The current list of known NPHP and MCKD subtypes and associ- 
ated genes and overlapping syndromes is expected to grow to include 
30 NPHP subtypes (personal communication, Dr. Friedhelm Hildeb- 
randt; see also Table 2-5). With this growing list of genes, many of 
which do not share sequence homology, it is important to point out 
the unifying features required for the diagnosis of NPHP. These include 
polydipsia (especially at night) and polyuria with initially normal-sized 
kidneys on ultrasound, followed by development of chronic kidney 
disease and ultrasound demonstrating normal to small-sized kidneys 
with loss of corticomedullary distinction and progressive formation of 
cysts. A number of excellent reviews on these syndromes may be infor- 
mative to the reader. ®™77 

Some MCKD patients develop hyperuricemia and gout, ™™™" which 
phenotypically parallels FJHN. The loci of these two diseases map 


Figure 2-20. Medullary cystic kidney disease from an adult. This portion of fixed 
kidney contains small cysts that are localized to the corticomedullary junction. 


closely on chromosome 16p12, transmit in an autosomal dominant 
manner, and appear to be allelic variants of the same disease. '™? Unlike 
in MCKD, renal failure in FJHN is of juvenile onset, but both diseases 
culminate in ESRD due to chronic tubulointerstitial nephritis when 
adults reach middle age (age 30 to 60 for FJHN). As in MCKD, some 
patients with FJHN have renal cysts.!"""” 


Radiographic and Gross Features 

Initial features on ultrasound include normal-sized kidneys with 
increased echogenicity, poor corticomedullary differentiation, and 
medullary and/or corticomedullary cysts. Later the kidneys atrophy 
and decrease in size while developing more prominent cysts. CT may 
be helpful if ultrasound findings are equivocal. 

Grossly, in both NPHP and MCKD, kidneys are bilaterally affected, 
small or normal in size, with cysts in the medulla or at the corticome- 
dullary junction (Fig. 2-20). NPHP cysts are usually small, ranging in 
size from 100 microns to 1 cm for juvenile variants.''* Cysts that are 
readily found in nephrectomy specimens may be missed in needle 
biopsy cores.“ NPHP cysts contrast with those found in ADPKD, 
where kidneys are markedly enlarged and cysts are bigger and diffusely 
distributed." 


Histopathology 

More than two decades ago the pathologist Jay Bernstein wrote that 
renal medullary cystic disorders, exclusive of medullary sponge kidney, 
were best regarded as hereditary tubulointerstitial nephritides because 
the “cysts are not regarded as important to the functional abnormality 
or to the progression of the renal insufficiency’ With Kenneth 
Gardner, he recommended “three principle subcategories: (1) medul- 
lary cystic disease with either sporadic or dominant inheritance and 
an onset predominantly in adults (i.e, MCKD); (2) familial juvenile 
NPHP with autosomal recessive inheritance and onset predominantly 
in children; and (3) renal-retinal dysplasia with recessive inheritance 
and retinal degeneration?” The concept of combining NPHP and 
MCKD into a complex was based in part on similar histopathologic 
defects in the renal tubulointerstitium. 

In NPHP and MCKD, corticomedullary tubules expand into cysts, 
predominantly affecting distal tubules and collecting ducts from the 
corticomedullary junction into the medulla. Cysts are lined by flat- 
tened or cuboidal epithelium. Tubules undergo atrophy, which is a 
nonspecific finding in numerous renal diseases and manifests as thick- 
ened, wrinkled, or disrupted tubular basement membranes. Compen- 
satory hypertrophy and hyperplasia (crowded cells forming the macula 
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Figure 2-21. Nephronophthisis. Microscopically the kidney shows features of chronic 
tubulointerstitial nephritis with a variably dense chronic inflammatory cell infiltrate, 


interstitial fibrosis, tubular atrophy, and focal tubular dilatation. 
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densa-like lesion) have been seen in tubules.'** The supporting inter- 
stitium becomes fibrotic and contains “round cell” infiltrates,” 
especially lymphocytes, and fewer numbers of plasma cells and mac- 
rophages (Fig. 2-21). These tubulointerstitial features are nonspecific 
and may be confused with features of chronic pyelonephritis. Glom- 
eruli may appear normal or small with variable obsolescence. Collagen 
may accumulate as a pronounced cuff around glomeruli, termed peri- 
glomerular fibrosis. Glomeruli themselves do not form primary cysts, 
but Bowman's capsule may dilate if glomeruli become atubular. 
In contrast to polycystic kidney disease, cysts are confined to the 
kidneys." 


Differential Diagnosis 

Renal cysts in the medulla comprise a heterogeneous group of disor- 
ders that have overlapping clinical and morphologic features that may 
result from inherited or acquired sources. Entities can be distinguished 
with careful review of family history, clinical laboratory data, radio- 
logic imaging, and gross and histologic pathology. The differential 
diagnosis of renal medullary cysts includes ARPKD (dilated collecting 
ducts, involvement of intrahepatic biliary system, pulmonary hypopla- 
sia), ADPKD (onset in adulthood, larger cysts, and larger kidneys), 
medullary sponge kidney (a disease of adults, bilateral, associated with 
nephrolithiasis), medullary dysplasia in Beckwith-Wiedemann syn- 
drome, medullary necrosis, and pyelogenic cyst. Chronic tubuloin- 
terstitial nephritis due to NPHP or MCKD can be confused with many 
renal diseases, including chronic pyelonephritis. 


Prognosis and Treatment 

There currently is no cure for NPHP or MCKD. Patients with urine 
concentrating defects may require treatment for intravascular volume 
depletion or dehydration, which is especially a concern for pregnant 
women with MCKD."' Management of secondary conditions, such as 
anemia and hypertension, is the same as for other patients with chronic 
renal disease. Patients with ESRD may be eligible for renal replacement 
therapy, including dialysis or transplantation. In general, NPHP 
patients do well after transplantation." MCKD patients who undergo 
renal transplantation have excellent outcomes compared to non- 
MCKD control patients, so this approach is considered standard man- 
agement.’ Potential living-related donors should be carefully screened 
for polydipsia and polyuria. MCKD and NPHP do not recur in 
allografts, which argues against a systemic basis of disease. '™ 


Medullary Sponge Kidney 


Medullary sponge kidney (MSK) is a benign, often asymptomatic con- 
genital cystic renal disease with a high risk of developing nephrocalci- 
nosis and nephrolithiasis. Radiographic imaging remains the standard 
for diagnosis, as it has been since Guerrino Lenarduzzi’s radiologic 
description of ectatic collecting ducts in 1939.'*? Lenarduzzi, an Italian 
radiologist, coined the term sponge kidney” (Rene a spugna) to capture 
MSK’s more pliable, ectatic ducts that openly communicate with the 
urinary system, rather than the more tense closed cysts typically 
encountered in ADPKD. Three decades before, in 1908, the first histo- 
pathologic description of MSK appeared.’ In 1949, this entity was 
further characterized by Robert Cacchi, a urologist, and Vincenzo 
Ricci, a pathologist, which provided MSK with the alternative eponym 
of Lenarduzzi-Cacchi-Ricci disease.’ Other terms have been applied, 
including precalyceal canalicular ectasia, cystic dilation of renal collect- 
ing ducts, and sponge pyramid kidney.'”° 


Pathogenesis 

The pathogenesis of MSK has not been clearly defined and requires 
further study. Most cases are sporadic, but familial cases with autoso- 
mal dominant inheritance have been reported. MSK may arise from 
perturbations in both kidney development and maturation, with 
Osathanondh and Potter proposing hyperplasia of medullary collect- 
ing tubules.’ Another proposal suggested that MSK may be a result of 
disruption of ureteric bud-metanephric blastema interaction associ- 
ated with an abnormality in the RET (rearranged during transfection) 
gene, which plays an important role in renal development.'*’ However, 
the gene for glial cell-derived neurotrophic factor (GDNF), but not 
RET, was found to have gene sequence variations in seemingly spo- 
radic MSK cases that were subsequently found to be familial with 
dominant inheritance.” 


Incidence and Demographics 

Prevalence of MSK in the general population is unknown, because 
most affected individuals are asymptomatic and have a normal life 
expectancy. Estimates place the frequency of MSK between 1:5000 and 
1:10,000,'° which is less common than ADPKD but more frequent 
than ARPKD. Surveys of patients undergoing urograms for any indica- 
tion found that 0.5% to 1.0% had radiologic indications of sponge 
kidney.'°°'*""* Radiographic studies involving prevalence of MSK in 
nephrolithiasis patients suggest variable rates that range from 3% to 
20%.'*° In a 1990 study of 280 patients with stones detected by excre- 
tory urogram, the frequency of MSK was 12%, affecting 21 men and 
14 women, compared to 1% of 280 nonstone formers.'™ In 1995, Laube 
et al. demonstrated by urography an MSK prevalence of 8.5% in renal 
stone formers compared to 1.5% in nonstone formers.'** A 2001 radio- 
logic and metabolic study of 184 patients with recurrent calcium stones 
found that 11.9% had MSK, 13 men and 9 women, and all had multiple 
stones (n > 5) in both kidneys.'*° Compared to controls (non-MSK 
idiopathic stone formers), these 22 MSK stone formers were less likely 
to have hypercalciuria but more likely to have hypocitraturia.'°° Data 
on gender predilection in MSK are conflicting. Two of the studies 
above showed a higher frequency in males, but other studies indicated 
that females are more likely to be affected.'*” Although MSK can be 
detected as early as age 2 years, the most common age at diagnosis is 
between 20 and 40 years.'° Rare cases of MSK and ADPKD have been 
reported.'** 15 


Clinical Manifestations 
MSK is usually subclinical with overall excellent prognosis. Patients 
have a remote risk of renal failure, with most patients experiencing no 


symptoms unless the condition is complicated by defects in urine 
acidification or concentration, hematuria, stone formation, or infec- 
tion.’*’°°' Stones are composed of either calcium phosphate/oxalate 
or struvite and are attributed to hypercalciuria and hypocitraturia in 
addition to acidification and stasis of urine.’ MSK has been linked to 
parathyroid abnormalities, hemihypertrophy, Beckwith-Wiedemann 
syndrome, Marfan syndrome, Caroli disease, Ehlers-Danlos syndrome, 
adult polycystic kidney disease, horseshoe kidney, renal artery stenosis, 
duplicated ureters, pyeloureteritis cystica, and incomplete renal tubular 
acidosis.'°'*°*' A higher risk for Wilms tumor is associated with MSK 
when coupled with Beckwith-Wiedemann syndrome, and some 
authors attributed this to defects in the 11p chromosome region since 
these conditions have very close loci at that location.” 


Radiographic and Gross Features 

Excretory urography characteristically shows spherical cysts or rela- 
tively smaller and more delicate linear striations. MSK cysts may be 
the first structures to opacify with contrast medium and characteristi- 
cally array as “bunches of grapes” or “bouquets of flowers.”'*’ With the 
accumulation of contrast medium in dilated collecting ducts of renal 
papillae, the urographic appearance is that of pyramidal blush or paint- 
brush linear streaking and striations." Renal pyramids and associ- 
ated calyces may be enlarged. Relatively low diagnostic utility is 
specifically provided by plain radiographs, renal ultrasound, arteriog- 
raphy, CT, or MRI except to exclude alternative or coexisting entities 
for which these modalities are useful, such as interstitial infection, 
abscesses, medullary calcifications, or stones.'® Evidence of nephrocal- 
cinosis favors the diagnosis of MSK but is not specific.” 

Grossly, kidneys are usually normal in size, although mild enlarge- 
ment may occur. On close inspection one can see dilated and com- 
municating medullary ducts and small cysts, relatively small when 
compared to ADPKD, gathering at the papillary tips and giving the 
kidney a spongelike pattern. In severe cases the cysts can grow to 
several centimeters (Fig. 2-22).'°!° Although bilateral involvement of 
all pyramids is typical of MSK, unilateral or even segmental cases have 
been reported.'*'° 


Histopathology 

MSK characteristically involves the medullary pyramids and epithelial- 
lined collecting tubules (Fig. 2-23). Renal collecting tubules may be 
mildly ectatic or grossly cystic. The term renal tubular ectasia is 


Figure 2-22. Medullary sponge kidney. A portion of kidney is shown from a patient 
with a severe presentation. Relatively large cysts distorted the medullary architecture. 
(Photograph from Jay Bernstein, M.D. Consultative Collection). 
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Figure 2-23. Medullary sponge kidney. The cysts are variably sized and are lined by 
flattened to cuboidal epithelium. 


generally utilized to indicate mild dilation, distension, or expansion. 
Medullary cysts represent dilated collecting tubules that communicate 
with papillary calyces and range in size from 1.0 to 7.5 mm and occa- 
sionally larger, but are usually on the millimeter scale,'*'’ whereas 
ADPKD cysts may be measured in centimeters. Calculi, red blood 
cells, and white blood cells may reside within dilated tubules or cyst 
lumina. The interstitium may show fibrosis and inflammation, espe- 
cially if the patient is prone to stones or infection. The renal cortex is 
not usually involved; hence the disease may be undersampled with 
conventional needle biopsy.'® 


Differential Diagnosis 

Confusion with bilateral cystic renal disease is possible by radiography 
but can usually be distinguished by careful review of clinical findings, 
family history, genotyping if available, and examination of the speci- 
men grossly and histologically. The differential diagnosis includes 
(1) MCKD/NPHP (with infantile, juvenile, and adolescent forms, 
but much less common and usually not involving papillary tips), 
(2) ARPKD (usually diagnosed in infants with pulmonary hypoplasia, 
involves cortical and medullary collecting ducts, much less common), 
or (3) ADPKD (generally diagnosed in adults, characterized by mark- 
edly enlarged kidneys containing large and potentially painful cortical 
and medullary cysts, a more commonly encountered entity with mul- 
tiorgan involvement including liver and pancreatic cysts, and cerebral 
aneurysms). Although papillary necrosis due to analgesic abuse may 
share radiographic features with MSK,'™ the two do not show gross or 
histologic overlap. 


Prognosis and Treatment 

Most patients have normal life spans, with rare cases ending with renal 
failure.’ Treatment usually involves management of complications 
such as infections or kidney stones. Screening for malignancies is war- 
ranted in cases associated with hemihypertrophy.'” 


Glomerulocystic Kidney Disease 


Glomerulocystic kidney (GCK) is a term introduced in 1976'” to 
describe dilatation of Bowman's space, a lesion that was initially 
described in the late nineteenth century in a neonate with cysts pre- 
dominantly of glomerular origin.” The entity was further clarified by 
Bernstein, who defined the glomerular cysts as dilatation of Bowman's 
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TABLE 2-6. Diagnostic Classification of Glomerulocystic Kidneys 


Category Distinguishing Features 


Polycystic kidney e GCK is most common feature of early ADPKD 
disease presenting © Atypical ARPKD may present with GCK in newborns 
as GCK without liver disease 


ll Hereditary (GCKD) œ Autosomal dominant GCKD (uromodulin mutations) 
e Familial hypoplastic GCKD (heterozygous mutations 
in TCF2 gene, encoding HNF1B) 
e GCKD not otherwise specified (due to new 
mutations) 


Ill Syndromic GCK e Glomerulocystic kidneys as part of syndrome 
without dysplasia 
e Tuberous sclerosis 
e Localized (unilateral or segmental GCK) 


IV Obstructive GCK e GCK associated with renal dysplasia or with urine 
low obstruction without renal dysplasia or a 
heritable condition 

e Renal dysplasia is common finding in GCK (second 
o PKD) 


V Sporadic GCK e GCK in absence of: 
e Recognizable pattern of inheritance 
e Diagnostic features of renal dysplasia 
e Urine flow obstruction 
e Syndromic associations 
e Ischemic GCK (progressive systemic sclerosis, HUS) 
e Drug-induced GCK (lithium) 


Adapted from Lennerz JK, Spence DC, Iskandar SS, et al: Glomerulocystic kidney: 100-year perspec- 
tive. Arch Pathol Lab Med. 2010;134:583-605. 

ADPKD, autosomal dominant polycystic kidney disease; ARPKD, autosomal recessive polycystic 
kidney disease; GCK, glomerulocystic kidney; GCKD, glomerular cystic kidney disease; HUS, hemolytic 
uremic syndrome; HNF1B, hepatocyte nuclear factor 1-B; PKD, polycystic kidney disease. 


space to a size two to three times normal. Furthermore glomerular tufts 
were required within at least 5% of cysts for the diagnosis, with or 
without associated tubular cysts. Glomerular tufts are more likely to 
be present in smaller cysts.’ 

Bernstein originally classified glomerulocystic kidney into three 
categories: (1) glomerulocystic kidney disease (GCKD) comprising 
nonsyndromal inheritable and sporadic forms of severely cystic 
kidneys in children and adults, (2) glomerulocystic kidneys associated 
with inheritable malformation syndromes, and (3) glomerular cysts in 
dysplastic kidneys, reserving the term glomerulocystic kidney disease 
for cases within the first category and glomerulocystic kidneys for the 
remainder.'°"' 

A more recent study proposed a diagnostic classification with five 
categories as follows (Table 2-6): (I) glomerulocystic kidneys in poly- 
cystic kidney disease (ADPKD and ARPKD); (II) hereditary glomeru- 
locystic kidneys; (III) syndromic glomerulocystic kidneys; (IV) 
obstructive glomerulocystic kidney; and (V) sporadic glomerulocystic 
kidney.'® The most commonly reported cases are sporadic (type V) or 
syndromic (type III) with the most common syndromic associations 
being tuberous sclerosis“ and Zellweger syndrome.'® 


Pathogenesis 

Glomerular cysts occur in a number of cystic disease syndromes, many 
of which are associated with mutations in genes whose proteins are 
expressed in the renal tubular primary cilia or centrosome. A number 
of mouse models with disrupted cilia protein expression have been 
created that lead to a glomerulocystic phenotype. Disruptions in 


specific gene and signaling pathways at critical points during renal 
development could manifest in the glomerular region in a similar 
fashion to that of other regions of the kidney. This temporal and spatial 
regulation may explain in part the phenotypic variability of these cystic 
diseases.’ 

Some reports suggest an autosomal dominant inheritance either 
representing the type I (glomerulocystic kidney in polycystic kidney 
disease) or type II (glomerulocystic kidney disease) phenotype. 47 


Incidence and Demographics 

Reported patients with GCK are predominantly male and range in age 
from 20 weeks’ gestation to 78 years. Among 234 cases in the literature, 
23% were adults and 72% were children. In 10 cases, involvement was 
asymmetric, unilateral, or segmental. In approximately 38% of patients 
the kidneys were enlarged, and in approximately 20% the kidneys were 
small for age; 40% of cases had focal involvement and 60% had diffuse 
involvement. Nonspecific changes in the liver were reported in 26 cases 
and in 16, cystic bile ducts or ductal plate malformations were 
described. '® 


Clinical Manifestations 

GCK can be divided into early onset, seen in neonates who present 
with renal insufficiency,’ or late onset, seen in adults, who present 
with less severe renal impairment or chronic kidney disease.'°'7"'” 
Approximately half of the examples of GCKD described in infants 
appear to be an expression of ADPKD with unusually early clinical 
onset; however, not all cases of infantile-onset ADPKD have predomi- 
nantly glomerular cysts.” Adult patients with GCK may be asymp- 
tomatic, with disease identified only in the workup of abnormal renal 
function or hypertension. Urinalysis is usually normal.'”* The varied 
clinical presentation and course of the disease may reflect the fact that 
glomerular cysts affect a minority of the glomeruli and other superim- 
posed diseases hasten onset of renal failure or bring the patient to 
clinical attention.'®*'”* 


Radiographic and Gross Features 

The radiographic features of GCK, particularly in the fetus and neonate, 
are varied; it is difficult to differentiate from other cystic renal diseases 
ultrasonographically.'”° Rarely GCK can appear as an infiltrative 
process and be mistaken for Wilms tumor. In adults the radiologic 
diagnosis is less problematic; however, glomerular cysts may be missed 
because their size is below the level of detection using ultrasonography 
or CT. 

Ultrasonographic findings include increased echogenicity of the 
cortex and medulla, loss of corticomedullary differentiation, and 
small cortical cysts.” Contrast-enhanced MRI demonstrates numer- 
ous small cortical cysts that appear hypointense on T1-weighted 
images and hyperintense on T2-weighted images, with heavily 
T2-weighted sequences optimally illustrating the numerous, small, 
subcapsular cortical cysts. Gadolinium-enhanced imaging may be nec- 
essary to exclude the presence of a mass and to define the corticome- 
dullary junction. MRI can distinguish between GCKD and more 
common renal cystic disease and may be the best diagnostic 
modality. "7 

Grossly the kidneys of infants are large and diffusely cystic, resem- 
bling PKD. The kidneys also often contain abnormally differentiated 
medullary pyramids (medullary dysplasia), which are narrow and 
poorly demarcated from the renal sinus. The medullary abnormality is 
associated with severe overlying cyst formation and is not necessarily 
present in all pyramids. Both sporadic and familial forms of GCKD are 
associated with abnormalities of the intrahepatic bile ducts in approxi- 
mately 10% of cases.’ 


Renal Cystic Diseases 


kidney contains a small glomerular tuft and is lined by cuboidal to low columnar 
epithelium. 


Histopathology 

At least 5% of the glomeruli must be cystic to designate the process as 
GCK. Glomerular cysts are generally spherical or oval and range in size 
from 0.1 cm to more than 1 cm. The cysts are identifiable as glomerular 
by finding a glomerular tuft. The glomerular tuft may be degenerated 
or atrophic, particularly in larger cysts, or may not be readily identifi- 
able depending on the plane of section (Fig. 2-24). The cysts may 
contain debris and proteinaceous fluid. The cysts are lined by a flat- 
tened, cuboidal, or rarely columnar epithelium (Fig. 2-25). 

Because recognition of the cysts as glomerular depends on the 
presence of a glomerular tuft, cysts lacking tufts may be mistakenly 
interpreted as tubular in origin. Immunohistochemical staining for 
PGP 9.5 and PAX2 may be useful to highlight Bowman capsule parietal 
epithelium. 6*7" 


Differential Diagnosis 

Polycystic kidney disease (ADPKD and ARPKD) can occasionally 
present as GCK and is the most important entity in the differential 
diagnosis.’ It is important for pathologists encountering these lesions 
to thoroughly examine resected kidney(s) and, if significant numbers 
of glomerular cysts are present, to raise the possibility of an underlying 


heritable disorder and to initiate a genetic workup that includes other 
entities in the differential diagnosis of GCK. 

Classic ARPKD presents in neonates with severe acute renal failure 
and symmetrically enlarged kidneys, dilated collecting ducts, and con- 
genital hepatic fibrosis; most die shortly after birth. The collecting 
tubules are elongated and lie perpendicular to the renal capsule; 
however, the cysts may be oval or spherical (Fig. 2-9). Atypical ARPKD 
may occur in newborns with GCK and focal collecting duct dilatation 
and a lack of liver disease. The presence of medullary cysts may be a 
helpful diagnostic clue and should raise the possibility of ARPKD. The 
presence of hepatic fibrosis is also useful in the differential diagnosis; 
however, other entities such as renal dysplasia, GCKD, early-onset 
ADPKD, and familial juvenile NPHP may be associated with hepatic 
fibrosis.'7°'° 

In classic ADPKD the cysts are of tubular origin and are typically 
spherical and filled with dark fluid (Fig. 2-6C). At birth, however, 
ADPKD often presents as GCK; it is estimated that 50% of presumed 
GCK described in infants are examples of early-onset ADPKD.'”"” 
Glomerular cysts are frequent in adult ADPKD, and the typical case 
poses few difficulties. 

Autosomal dominant GCKD was first described in 2003 with the 
discovery of mutations in the UMOD gene encoding uromodulin (also 
known as Tamm-Horsfall protein) in a family with autosomal dominant 
GCKD. Uromodulin is expressed by epithelial cells of the thick ascend- 
ing limb of the loop of Henle and by distal convoluted tubules.” 
Autosomal dominant GCKD is considered to be a member of the 
uromodulin disorders family, which also includes autosomal dominant 
medullary cystic kidney disease/familial juvenile hyperuricemic 
nephropathy (MCKD/FJHN).'*®° Clinical features common to these 
disorders include tubulointerstitial fibrosis, reduced urinary concen- 
trating ability, and hyperuricemia. UMOD mutations affect intracel- 
lular protein trafficking, delaying transit through the endoplasmic 
reticulum and resulting in intracellular accumulation of uromodulin 
aggregates in tubular epithelial cells with reduction in uromodulin 
secretion in the urine.'*° 

Glomerulocystic kidney disease also encompasses familial hypo- 
plastic GCKD due to heterozygous mutations in the TCF2 gene encod- 
ing for hepatocyte nuclear factor 1-8 (HNF1B). A number of renal 
morphologic and structural manifestations and functional abnormali- 
ties have been associated with TCF2.'*'*' Familial hypoplastic GCKD 
is also known as renal cysts and diabetes syndrome or familial hypoplas- 
tic glomerulocystic kidney. Patients with this syndrome have small 
kidneys with irregular, enlarged collecting systems or absent calyces. 
Occasional Miillerian tract malformations occur in females; affected 
females also have maturity-onset diabetes mellitus of the young 
(MODY5). More than 40 mutations have been identified in the TCF2 
gene, which may contribute to the morphologic diversity of the renal 
abnormalities. "66 

Glomerulocystic kidneys can also occur as part of a known syn- 
drome (syndromic GCK), and a number have been reported," 
the most common of which is tuberous sclerosis.'“'® Both glomerular 
and tubular cysts occur in tuberous sclerosis and vary in size and 
distribution. Both are lined by cuboidal or hyperplastic cells resem- 
bling proximal tubular epithelium.’ '°°"* Although not specific, the 
presence of hyperplastic epithelium within glomerular cysts should 
raise the suspicion of tuberous sclerosis and/or ADPKD. Tuberous 
sclerosis should also be considered in the differential diagnosis of GCK 
in neonates. Glomerular cysts have also been reported in trisomy 21 
and prune belly syndrome,'® and are a common, almost constant 
finding in Zellweger syndrome.” A diagnosis of syndromic GCK 
therefore reflects the presence of extrarenal manifestations of well- 
established entities. 
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Renal dysplasia is a common finding in GCK and is an important 
consideration in the differential diagnosis. In addition to cysts, includ- 
ing glomerular cysts, dysplastic kidneys also show abnormal cortical 
and medullary development with primitive ductlike structures sur- 
rounded by smooth muscle collarettes and often islands of cartilage. 
Urinary obstruction during embryogenesis appears to play a role’; 
however, GCK can occur in cases of urinary obstruction without renal 
dysplasia.’ 

Sporadic GCK can be diagnosed in the absence of a recognizable 
pattern of inheritance, diagnostic features of renal dysplasia, urinary 
tract obstruction, and well-defined syndromes. When these associa- 
tions are excluded, ischemia and exposure to certain drugs, including 
lithium,'™* are the most commonly encountered causes.'* 


Prognosis and Treatment 

Most patients progress to ESRD, although at variable rates, and in some 
patients superimposed glomerulonephritis may hasten the onset of 
chronic kidney disease.'**'*° 


Renal Cysts in Hereditary Syndromes 
Tuberous Sclerosis Complex 


Tuberous sclerosis complex (TSC) is an autosomal dominant inherited 
systemic malformation syndrome linked to TSC1 and TSC2-supressor 
genes mapped to chromosome 9q and 16p, respectively. TSC affects 1 
in 6000 individuals.’° 


Incidence and Demographics 

Clinically detectable renal cystic disease occurs in approximately 50% 
of patients with TSC associated with either the TSC1 or TSC2 gene, 
and approximately 2% of patients have severe, early-onset PKD associ- 
ated with deletions involving adjacent TSC2 and PKD1 genes.'*” 


Clinical Manifestations 

‘The renal cysts in TSC are rarely symptomatic and are usually detected 
in the context of a full-blown syndromic complex, although they may 
be the first manifestation of TSC in patients who later develop the other 
signs of the disease.” 


Radiographic and Gross Features 

The renal cysts in TSC may be few or numerous with medullary and 
cortical cysts that can impart a spongelike appearance to the kidney 
grossly (Fig. 2-26).'° Cysts occur in approximately 47% of patients with 


Figure 2-26. Tuberous sclerosis complex. Bilateral cysts are grossly seen throughout 
the kidneys from this autopsy specimen. (Photograph provided by Dr. Stephen M. Bonsib, 
Nephropath.) 


Figure 2-27. Tuberous sclerosis complex. The cysts are lined by plump cells with 
eosinophilic cytoplasm and slightly pleomorphic nuclei. 


TSC, nearly two thirds of whom have fewer than five cysts, with the 
remainder showing prominent cystic replacement of the kidney. Cysts 
can be unilateral or bilateral.” 


Histopathology 

The cysts in TSC are lined by large, often crowded cells with granular 
eosinophilic cytoplasm and hyperchromatic, enlarged nuclei (Fig. 
2-27). Mitotic figures may be present. Many of the cysts show prolifera- 
tion of epithelial cells, forming papillary tufts that may partially occlude 
the cyst lumen. The cysts arise in all parts of the nephron; glomerular 
cysts are also described.’*'°°'** 


Differential Diagnosis 

The cysts in TSC are lined by plump cuboidal cells with granular 
eosinophilic cytoplasm that may form hyperplastic and micropapillary 
foci resembling cystic renal cell carcinoma. Small angiomyolipomas 
are often present in the intervening stroma and at times may appear 
epithelioid, again raising the possibility of malignancy. These individ- 
ual morphologic features should be interpreted within the context of 
the entire kidney, both grossly and microscopically, and should be 
correlated with other clinical and radiographic findings. 


Prognosis and Treatment 

Patients with TSC can progress to renal failure; however, the disease 
has a variable course. In one study in which renal cysts were present 
in 32% of 139 patients with TSC, none developed end-stage renal 
failure. Shepherd et al. from the Mayo Clinic reported renal failure 
causing death in 7 of 355 TSC patients. 


Von Hippel-Lindau Syndrome 


Von Hippel-Lindau (VHL) syndrome is an autosomal dominant dis- 
order genetically linked to a germline mutation of a tumor suppressor 
gene (VHL) located on chromosome 3p, in which tumor development 
is the result of inactivation or loss of the remaining wild-type allele in 
susceptible cells of various organs.’*””" 


Pathogenesis 

Most people with VHL syndrome inherit a germline mutation of the 
gene on chromosome 3p from the affected parent and a normal (wild- 
type) gene from the unaffected parent. Initiation of tumor formation 
arises when both VHL alleles are inactivated. Germline mutations of 


VHL are present in all cells of affected individuals who inherit the 
genetic trait; however, only those cells that undergo a deletion or muta- 
tion of the remaining wild-type allele and are constituents of suscep- 
tible target organs (CNS, kidney, adrenal glands, pancreas, epididymis, 
broad ligament) develop tumors. Somatic inactivation of the VHL gene 
has also been described in sporadically occurring CNS hemangioblas- 
tomas and RCC." 


Incidence and Demographics 
Von Hippel-Lindau syndrome affects 1 in 30,000 to 40,000 individuals 
and has more than 90% penetrance by age 65.'”' The most common 
clinical manifestations of VHL syndrome include retinal or CNS 
hemangioblastomas; renal cysts and RCC; pancreatic cysts, pancreatic 
cystadenomas, carcinomas, and islet cell tumors; adrenal pheochromo- 
cytoma; epididymal papillary cystadenoma in men and pelvic tumor 
of the broad ligament of wolffian origin in women; and papillary tumor 
of the inner ear.'>'”" 

Renal cysts are common in VHL syndrome, affecting up to two 
thirds of patients.”*’”’ In less than 10% of cases, renal cysts are the 
initial clinical presentation.’*"”" 


Clinical Manifestations 
The diagnosis of VHL syndrome is often based on clinical criteria. 
Patients with a family history, a CNS hemangioblastoma, pheochro- 
mocytoma, or clear cell RCC are diagnosed with the syndrome; 
however, those patients without a family history must have two or 
more CNS hemangioblastomas or one CNS hemangioblastoma and a 
visceral tumor to meet the diagnostic criteria. Specific genotype- 
phenotype correlations have allowed identification of two major family 
phenotypes. Type 1 families have a greatly reduced risk of pheochro- 
mocytoma, but can develop all the other tumor types generally associ- 
ated with the syndrome, and type 2 families have pheochromocytoma 
but have either a low-risk (type 2A) or high-risk (type 2B) for RCC. 
Type 2C families have pheochromocytoma only with no other neoplas- 
tic findings of VHL syndrome.” 

Renal lesions, which include RCC and renal cysts, are present in 
60% of patients with VHL syndrome and are often multiple and bilat- 
eral. The mean age of presentation is 39 years.” 


Radiographic and Gross Features 
The renal lesions in VHL syndrome vary from simple cysts to hyper- 
plastic cysts and cysts containing clear cell carcinoma (Fig. 2-28). Cysts 
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Figure 2-28. Von Hippel-Lindau syndrome. This portion of kidney contains a well- 
demarcated collection of variably sized cysts. (Photograph provided by Dr. Stephen M. 
Bonsib, Nephropath.) 


commonly grow over time; however, some involute, leaving small 
scars. There is no correlation between cyst size and number and malig- 
nant potential. ">? 

Ultrasound is useful in distinguishing a solid from a cystic lesion. 
RCCs associated with VHL syndrome are either multicentric and 
bilateral solid hypervascular masses or complex cystic masses with 
mural nodules and thick septa. CT is more sensitive for detecting 
small lesions; however, ultrasound is preferable for surveillance with 
CT performed in cases of suspicious or equivocal ultrasound 
findings.” 


Histopathology 

The renal cysts in VHL syndrome are usually multiple and are lined 
by clear epithelial cells. Two forms exist: benign and atypical cysts. 
Benign cysts are lined by a one-cell thick layer without atypia, and 
atypical cysts have two- to three-cell thick layers with or without 
nuclear atypia (Fig. 2-29). Some cysts have a multilayered epithelium 
with focal papillary tufts suggesting tumor development or established 
neoplasia. RCCs in VHL syndrome are often multiple, and careful 
sampling of thickened or papillary areas along the cyst wall is 
mandatory. 
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Figure 2-29. Von-Hippel Lindau syndrome. The benign renal cysts are lined by a single layer of cells with clear cytoplasm and small nuclei (A), and atypical cells have two to three 


cell layers with or without nuclear atypia (B). 
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Differential Diagnosis 

The most important differential consideration in VHL syndrome is 
distinguishing benign and atypical renal cysts from cystic RCC. Careful 
sampling with multiple sections is necessary. 


Prognosis and Treatment 

Before the advent of comprehensive screening surveys the median 
survival of patients with VHL syndrome was less than 50 years and the 
main causes of death were complications linked to RCC and CNS 
hemangioblastomas. Improved surveillance, earlier diagnosis of 
lesions, improvements in treatment, and increased knowledge of mani- 
festations of the disease have improved prognosis and reduced com- 
plications related to the tumors in VHL syndrome.” 


Acquired Cystic Kidney Disease 


Uremia-related acquired cystic kidney disease (ACKD) was initially 
described in the mid-nineteenth century,'’* and an association with 
long-term maintenance hemodialysis was noted in a report of 30 
patients in 1977. '”° Since that time, a number of studies devoted to the 
pathogenesis, epidemiology, and risk of RCC in ACKD have appeared. 
ACKD is defined as the presence of three or more cysts per kidney in 
a patient on dialysis who does not have a hereditary cause of cystic 
disease.'”° 


Pathogenesis 

The loss of renal tissue associated with ESRD may promote hyperplasia 
of tubular epithelial cells that, along with secretion of fluid by tubular 
epithelial cells, results in cyst formation.” Most cysts are derived from 
the proximal tubules and begin as fusiform tubular dilatations or as 
saccular tubular outpouchings.’” It has been speculated that with 
nephron loss, tubules hypertrophy in response to several influences, 
including electrolyte abnormalities, hormonal stimuli, and azotemia. 
Tubular cell hypertrophy leads to tubular cell hyperplasia followed 
by epithelial cyst formation, possibly under the influence of cAMP or 
other growth factors. With mutation or dysregulation of cellular proto- 
oncogenes, neoplastic transformation can occur.’*'” 


Incidence and Demographics 

Although initially thought to be a consequence of long-term dialysis 
therapy, ACKD may occur in patients with chronic kidney disease 
who have not received any form of dialysis therapy. It is estimated that 
8% to 13% of patients with ESRD have ACKD before they start dialy- 
sis. Among predialysis patients, one to three cysts were observed 
in 53% of patients and ACKD with multiple cysts in 7%. Among 


100 dialysis patients in the same study, 30% had one to three cysts and 
22% had ACKD."” The frequency of cysts increases with increasing 
duration of dialysis. Acquired renal cysts are present in approximately 
44% of patients treated for less than 3 years, 80% of patients treated for 
more than 4 years, and 90% of patients on dialysis for more than 10 
years.” The incidence is similar in patients treated with hemodialysis 
and peritoneal dialysis; however, there is an increased frequency in 
males compared to females.’ Children with longstanding renal 
failure or on long-term dialysis can also develop ACKD.”” After 
successful renal transplantation, ACKD regresses in some but not all 
patients." 


Clinical Manifestations 

ACKD is usually asymptomatic; however, patients may present with 
sudden hematuria, anemia or erythrocytosis, fever, and lumbar or 
flank pain.’”* Bleeding, seen in about 17% of cases, is likely caused by 
unsupported blood vessels within cyst walls complicated by the coagu- 
lation defects induced by uremia or heparinization.” Any patient with 
known ESRD who presents with new-onset hematuria should be inves- 
tigated for a bleeding cyst. Other less common complications of ACKD 
include cyst infection and stones. 

The most significant complication of ACKD is the development of 
RCC.” Most patients with RCC developing in the setting of ACKD 
are asymptomatic; however, when symptomatic, hematuria and back 
pain are the most commonly reported symptoms.” 


Radiographic and Gross Features 

The diagnosis of ACKD and its complications is best accomplished 
with CT; however, ultrasound and MRI may also be useful in evalua- 
tion, particularly in patients who have not yet begun dialysis.” CT is 
the preferred method of imaging ACKD because it defines the extent 
of disease and adds information regarding enhancement of the lesions, 
renal volume, and the presence of cystic and solid renal masses. MRI 
depicts cysts easily, but contrast enhancement is usually necessary to 
determine if neovascularity is present.'”° 

Acquired cystic kidney disease is bilateral and is characterized by 
multiple cysts that predominate in the renal cortex but also involve the 
renal medulla. The cysts are usually smaller than 0.5 cm in diameter; 
however, some can become as large as 3 cm.” In most cases the 
kidneys are smaller than normal; however, they may rarely be mark- 
edly cystic and enlarged. 

The kidney contains cysts throughout the renal parenchyma or the 
cysts may be more widely scattered, and are generally up to about 2 cm 
in size; larger cysts are rare (Fig. 2-30). The cysts are unilocular and 
contain clear, straw-colored, or gelatinous fluid.** Hemorrhage into 


Figure 2-30. Acquired cystic kidney disease: Grossly the kidneys may be small or normal sized and contain numerous variably sized cysts. 


cysts and intracystic stones may be present. The finding of solid areas 
within or adjacent to cysts should raise the suspicion of RCC. 


Histopathology 

Most cysts in ACKD are lined by a single layer of epithelium composed 
of flat cells, cells with abundant cytoplasm, and hyaline droplets or by 
small cuboidal cells resembling those of the distal tubules or collecting 
ducts. The cysts may show secondary changes such as luminal deposi- 
tion of degenerated blood, hemosiderin, or calcium oxalate. 

Many of the cysts contain atypical lining cells with enlarged, hyper- 
chromatic nuclei forming multiple layers, intracystic papillary struc- 
tures, or mural nodules. These atypical cysts are thought to be 
preneoplastic and are frequently seen in kidneys containing renal 
carcinoma.”* 


Differential Diagnosis 

The major differential considerations in ACKD are ADPKD, multicys- 
tic dysplasia, and cystic diseases occurring in hereditary syndromes, 
particularly VHL syndrome, which often harbors RCC in addition to 
parenchymal cysts. 

Examination of intervening stroma in ACKD will demonstrate 
chronic, end-stage renal damage whereas the stroma in ADPKD will 
contain normal nephrons. The lack of a family history and extrarenal 
manifestations also helps to exclude ADPKD. The presence of abnor- 
mal cortical and medullary development, immature peritubular mes- 
enchymal stroma, and focal cartilage is characteristic of multicystic 
dysplasia. 


Prognosis and Treatment 

ACKD is a progressive disorder among dialysis patients. Cyst hemor- 
rhage, perinephric hemorrhage, and development of RCC are the most 
important complications. In a study of 30 patients with ESRD on dialy- 
sis with no history of underlying cystic renal disease followed for 
approximately 7 years, the percent of patients with no renal cysts 
decreased from 43% at the beginning of the study to 13% at the end of 
the study. In contrast the number of patients with multiple bilateral 
renal cysts (ACKD) increased from 30% at the beginning of the study 
to 57% at the end of the study. There was a mean increase in renal 
volume from 78.9 cm’ to 150.6 cm’ over the same time period.” 

Follow-up studies of kidney size after 10 to 15 years have shown 
that enlargement of the kidney due to acquired cysts persisted in male 
patients, but the rate of increase slowed after 13 years of hemodialysis, 
whereas the kidneys in females continued to increase in size until 17.7 
years of hemodialysis. 

Approximately 50% of patients with ACKD develop hemorrhagic 
renal cysts. The bleeding is usually confined within the cyst but occa- 
sionally extends into the renal collecting system, leading to hematuria, 
or into the perinephric space, causing flank pain. Severe bleeding may 
require surgical intervention or embolization.'”° 

Acquired cystic kidney disease often regresses after successful renal 
transplantation”; however, tumors associated with ACKD may 
become more aggressive after transplantation. The rate of development 
of renal cell carcinoma in the native kidneys after transplantation 
ranges from 0.5% to 3.9%; most of these tumors metastasize.” It has 
been suggested the persistence or growth of cysts in native kidneys may 
be related to cyclosporine use to prevent rejection of the allograft.”"' 
Transplant allografts can also develop ACKD after prolonged periods 
of rejection and renal failure.””” 


Renal Cell Carcinoma in ACKD 


The development of RCC is the most frequent and clinically significant 
complication of ACKD. Cysts with a hyperplastic or atypical epithelial 


cell lining are likely to give rise to neoplastic lesions, perhaps due to 
activation of proto-oncogenes.” 


Incidence and Demographics 

The incidence of RCC in native kidneys of patients after renal trans- 
plantation ranges from 1.5%" to approximately 5% in patients on 
dialysis for 10 years or longer.”” In a study of 508 patients with ACKD 
the prevalence of RCC was 19%; in patients with ACKD and complex 
cysts, the prevalence was 54%. Most tumors are small (pT1 and pT2) 
and low grade.” The risk of developing carcinoma in ACKD is 6- to 
50-fold greater than in the general population.” 

Acquired cystic kidney disease-associated RCC occurs approxi- 
mately 20 years earlier than sporadic carcinoma in the general popula- 
tion (45 + 18 years vs. 64 + 12 years) and is more common in males; 
however, the occurrence of ACKD is also higher in men.” ACKD- 
associated RCCs tend to be multicentric and bilateral; however, they 
have a less aggressive behavior.” 


Clinical Manifestations 

Most patients with ACKD-associated RCC are asymptomatic; among 
those with symptoms, hemorrhage was the most frequent manifesta- 
tion and includes parenchymal hemorrhage, subcapsular or retroperi- 
toneal hemorrhage with flank pain, and hemorrhage into the 
pyelocalyceal system with gross hematuria. Other manifestations 
include a rise in hematocrit due to increased synthesis of erythropoi- 
etin by the tumor and cysts, fever of unknown origin, and lumbar or 
flank pain.” Persistent hypoglycemia,” hypercalcemia, and metasta- 


ses” are rarely reported. 


Radiographic and Gross Features 

CT is the best imaging technique for diagnosis and can identify small 
tumors.” Tumors in ACKD are single or, in approximately 50% of 
cases, are multiple usually with one predominant nodule. Tumors 
range in size from a few millimeters to large, essentially replacing the 
kidney. Smaller tumors are usually subcapsular, yellow to orange, cir- 
cumscribed, and solid (Fig. 2-31). Tumors may arise from a cyst wall, 
and larger tumors tend to be cystic with necrosis and hemorrhage and 


Figure 2-31. Acquired cystic kidney disease-associated renal cell carcinoma. Grossly 
the kidney is distorted by multiple small cysts. The tumor is well-circumscribed and 
rounded, bulging slightly from the contour of the kidney with a heterogeneous solid 
tan, congested, and partly cystic cut surface (arrow). The bright yellow cut surface of 
clear cell renal cell carcinoma is lacking. (Photograph was provided by Sean Williamson, 
Indiana University School of Medicine.) 
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ctical Renal Pathology 


Microscopically, the tumor (right) is composed of tubular and small papillary structures, 
lined by cells with abundant eosinophilic cytoplasm. Numerous intratumoral calcium 
oxalate crystals are also present, characteristic of these tumors. Adjacent renal paren- 
chyma (left) shows atrophied tubules and small cysts. (Photograph was provided by 
Sean Williamson, Indiana University School of Medicine.) 


may invade perirenal fat, the renal sinus, or renal vein or involve hilar 
lymph nodes.” 


Histopathology 

The subtypes of RCC present in end-stage kidneys with or without 
cysts are similar to those seen in sporadic RCC; however, there is a 
predominance of papillary RCC, which occurs in 41% to 71% of cases 
(versus 10% of sporadic RCC).” In a recent study of 61 cases of ACKD- 
associated RCC, 54.1% were papillary RCC (type 1 and 2), 10.1% were 
clear cell RCC, 3.7% were chromophobe RCC, and 1.8% were solid 
papillary RCC.” 

Two unique subtypes of RCC in ESRD are also described. The first 
subtype, a clear cell papillary carcinoma, is present in 18.4% of cases, 
70% in the setting of ACKD and 30% in noncystic ESRD. These tumors 
show papillary architecture lined by cells with clear cytoplasm, small 
to intermediate sized round to irregular nuclei arranged toward the 
luminal surface, and inconspicuous nucleoli. The cells are positive for 
cytokeratin 7, but lack staining for RCC and p504s. A second subtype 
is composed of variable numbers of microcysts, acini, papillae, and 
cribriform nests of cells with abundant eosinophilc cytoplasm, large 
round nuclei with dispersed chromatin, and a prominent nucleolus 
(Fig. 2-32). Focally prominent cytoplasmic vacuolization is also often 
present, and most contain intratumoral oxalate crystals.” This 
subtype shows positive staining for RCC, vimentin, and p504s but lacks 
or is only focally positive for cytokeratin 7.” This subtype is only seen 
in the setting of ACKD and has been termed acquired cystic kidney 
disease-associated renal cell carcinoma.’'**"* This entity is illustrated 
further in Chapter 14. 


Differential Diagnosis 

The differential diagnosis of RCC arising in ESRD is similar to those 
arising sporadically; however, the presence of calcium oxalate crystals 
suggests the specific diagnosis of ACKD-associated RCC. The adjacent 
uninvolved renal parenchyma, which should always be examined in 
nephrectomy specimens, will show chronic changes in ESRD- 
associated neoplasms, whereas the uninvolved renal parenchyma will 
be normal in sporadic RCC. The overall architecture of the kidney, and 


Figure 2-33. Tuberous sclerosis syndrome (TSC)-associated angiomyolipoma. This 
cross section of kidney from a TSC patient shows multiple pale nodules corresponding 
to angiomyolipoma, which range in size from a few millimeters to several centimeters. 
The larger nodules compress the adjacent nontumor parenchyma. 


the number and caliber of the cysts, should be determined to differenti- 
ate ACKD from PKD. Renal carcinomas may arise in PKD; however, 
they are much less common.”* 

Other cystic renal diseases associated with renal neoplasms include 
VHL syndrome, in which the renal neoplasms are often multiple and 
predominantly cystic clear cell carcinomas, and tuberous sclerosis, 
characterized by multiple renal angiomyolipomas (Fig. 2-33) with a 
few scattered renal cysts and occasionally RCC.”* Careful sampling and 
histologic examination of both the tumor and adjacent parenchyma 
will distinguish the underlying disorders. 

Renal tumors rarely arise in MCDK; however, examination of the 
uninvolved parenchyma for abnormal cortical and medullary develop- 
ment and cartilage will aid in the diagnosis of dysplastic kidney. 


Prognosis and Treatment 

Because of the increased propensity of end-stage kidneys, particularly 
those with ACKD, to develop RCC, it is recommended that patients 
with ESRD have regular screening of their native kidneys." 

Nephrectomy should be considered for tumors larger than 3 cm; 
however, the size of the tumor may not be accurately determined in a 
cystically distorted kidney, and small tumors may metastasize. Fre- 
quent monitoring of tumors smaller than 3 cm has been suggested, 
with tumor enlargement as an indication for nephrectomy. Patients 
with persistent symptoms should also be considered for nephrectomy. 
Because ACKD-associated tumors are bilateral, either synchronously 
or sequentially in up to 9% of cases, prophylactic native nephrectomy 
may be an option in select cases; however, bilateral nephrectomy is not 
generally recommended because of associated procedural morbidity 
and subsequent development of anemia and hypertension. Patients 
with ACKD-associated RCC who are to receive a renal transplant 
should undergo native nephrectomy.” 

Acquired cystic kidney disease-associated RCC accounts for 
approximately 2% of deaths in renal transplant patients. The median 
length of survival is 14 months, and the 5-year survival rate is 35%. 
Death is usually associated with widespread metastases, the frequency 
of which ranges from 16% to 27%.” 


The authors thank Fredrick Skarstedt and Ryan Christy, of the Pathology Multimedia 
Education Group, Indiana University School of Medicine, for assistance in preparation of 
the figures. 
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History of Percutaneous Renal Biopsy 


Open renal biopsies for non-neoplastic conditions of the kidney 
were first performed in the early 20th century at the Royal Hospital for 
Sick Children in Glasgow and were reported by Campbell in 1930. 
Twenty-three cases of nephrotic syndrome in children treated by renal 
decapsulation between June 1917 and January 1929 were described. 
Although the procedure was therapeutic, in a small number of cases, 
tissue was submitted for histologic examination. Likewise renal biop- 
sies obtained during the course of renal decapsulation beginning in 
1923 at Liverpool Children’s Hospital were described by Capon in 
1926. An open renal biopsy obtained during the course of pyeloli- 
thotomy and an open biopsy from a patient with amyloidosis obtained 
during a renal decapsulation procedure were the earliest described in 
North America.’ 

Percutaneous needle biopsy of the kidney was first reported in 
1951 by Iversen and Brun in Denmark,’ using equipment similar 
to that used and described in percutaneous needle biopsy of the 
liver. Early patients were seated or standing during the procedure; 
however, Kark and Muehrcke adopted the prone position and further 
modified the technique of Iversen and Brun, including the use of 
the Vim-Silverman needle, and published their series in 1954.** 
After a few years of initial opposition and criticism, the technique 
became widely accepted as an important intervention necessary in 
determining and treating the cause of renal dysfunction. In 1984 the 
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use of real-time ultrasonic guidance to perform renal biopsies using 
a Tru-Cut needle was described with a success rate of 96% and no 
serious complications.” Use of a spring-loaded biopsy gun with ultra- 
sound guidance was subsequently described and is currently the pre- 
ferred technique, although computed tomographic guidance is also 
widely used.° “ 


Indications/Contraindications for Percutaneous 
Renal Biopsy 


Indications for renal biopsy include the evaluation of unexplained 
hematuria and proteinuria, renal manifestations of systemic disease, 
and unexplained renal failure. An ultrasound examination should be 
performed before the procedure to assess for anatomic abnormalities 
such as solitary kidney, polycystic kidney, a malpositioned or fused 
ectopic (horseshoe) kidney, small echogenic kidneys, and hydrone- 
phrosis. Absolute contraindications to percutaneous renal biopsy 
have traditionally included the presence of a bleeding diathesis, uncon- 
trolled severe hypertension, an uncooperative patient, and a solitary 
native kidney; however, some feel that the risks of anesthesia associated 
with an open biopsy outweigh the risk of nephrectomy after percutane- 
ous biopsy of a solitary kidney. Relative contraindications include 
severe azotemia, anatomic abnormalities of the kidney that may 
increase risk such as arterial aneurysm, skin infection over the biopsy 
site, drugs that alter hemostasis, pregnancy, and urinary tract infection. 
Percutaneous biopsy in an obese patient may be more difficult and the 
kidney may be poorly visualized. The risk of percutaneous renal 
biopsy must be considered in each patient and weighed against the 
risks of anesthesia and open biopsy. 


Percutaneous Renal Biopsy Techniques 


Currently most percutaneous renal biopsies are obtained from the 
lower pole of the left kidney using ultrasound guidance and an auto- 
mated biopsy instrument with the patient in a prone position. The 
patient must be cooperative and must be able to inhale when necessary 
and hold their breath as the needle is advanced in the kidney and the 
biopsy is obtained. It is usual to take two cores of tissue; however, if 
the patient is unable to proceed or a complication arises, the procedure 
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may be ended before two cores are obtained. After the procedure the 
patient should be maintained in the supine position; clinical status, 
vital signs, and urine color should be monitored over the next 12 to 24 
hours. A number of studies have examined the appropriate amount 
of time that a patient should be observed after the biopsy. Jones and 
associates found that 66% of complications were apparent within 6 
hours and 100% within 12 hours of observation.” Whittier and Korbet 
have shown, however, that complications arise in 42% of patients by 4 
hours, in 67% by 8 hours, in 85% by 12 hours, and in 89% of patients 
by 24 hours.’* Most nephrologists recommend an observation period 
of 23 to 24 hours after percutaneous renal biopsy. 

Alternative methods of renal biopsy in those patients in whom 
percutaneous renal biopsy is not indicated include open biopsy with 
visualization of the kidney, endovascular biopsy (transjugular or trans- 
femoral), and laparoscopic biopsy.” 


Complications of Percutaneous Renal Biopsy 


Hematuria is the most common complication with microscopic hema- 
turia present in virtually all patients and gross hematuria in 5% to 9%. 
Hematuria usually resolves within 2 days; however, it may persist for 
2 to 3 weeks. Transfusions are necessary in 0.1% to 3% of patients, and 
surgery for persistent or massive bleeding is necessary in less than 0.2% 
of patients. 

Perinephric hematomas may be detected in 57% to 85% of patients 
within 1 day of the biopsy procedure. Most are clinically silent but may 
result in a fall in hematocrit. Hematomas usually resolve within 3 
months; however, they may rarely become secondarily infected, requir- 
ing parenteral antibiotics and surgical drainage."® 

Arteriovenous fistulas (AVFs) can be demonstrated in 15% to 18% 
of patients after renal biopsy’® and appear to occur more frequently in 
transplant kidneys (16.9%) than in native kidneys (4.4%). Most AVFs 
(>95%) resolve within 2 years'®’’; however, in rare instances, surgical 
correction may be necessary. Other less common complications of 
percutaneous renal biopsy include postbiopsy aneurysms, infections, 
ileus, lacerations of other organs, puncture of the renal pelvis leading 
to urinoma, dislodging of renal stones, pancreatitis, pneumothorax, 
and dispersion of renal carcinoma. The risk of nephrectomy after renal 
biopsy is between 1/2000 and 1/5000."° 


Tissue Handling/Fixation/Transport 


Ideally two tissue cores are obtained with a minimal length of 1 cm 
and a diameter of 1.2 mm.” The fresh cores can be examined at the 
patient’s bedside in the ultrasound suite with a dissecting microscope, 
a hand lens, or even an inverted microscope eyepiece to identify glom- 
eruli grossly (Fig. 3-1). Alternatively this evaluation can be done in the 
hospital pathology laboratory; however, the tissue should be quickly 
transferred from the patient to the laboratory to maintain the integrity 
of the samples. 

The cores should then be divided and placed in buffered formalin, 
Michel's or similar media, and glutaraldehyde. If glomeruli are identi- 
fied with certainty, the tissue can be divided so that renal cortex is 
placed in each of the vials; however, it is not always possible to be 
certain of the presence of glomeruli even in the most experienced 
hands. It is recommended that 1-mm cubes be removed from each end 
of both cores and placed in glutaraldehyde for electron microscopic 
(EM) examination, one core in Michel’s for immunofluorescence (IF) 
studies, and the remaining core in formalin for light microscopy (LM). 
If only one core is obtained, 1-mm cubes should be removed from each 
end and placed in glutaraldehyde for EM and the remainder divided 
into thirds. The outer two thirds are submitted for IF and the middle 


Figure 3-1. Core of renal cortex with glomeruli identifiable grossly (arrows). 


Two cores 


One core 


LM 


Figure 3-2. Method of dividing renal biopsy tissue cores for light microscopy (LM), 
immunofluorescence (IF) staining, and electron microscopy (EM). 


third for LM (Fig. 3-2). As long as the biopsies contain renal cortex, 
the likelihood of having cortex for EM and for IF is increased using 
this technique. In cases where tissue submitted for LM or EM contains 
renal medulla only or does not contain intact glomeruli, tissue that was 
processed for IF can be reprocessed for LM or EM. Tissue remaining 
in the paraffin block can be reprocessed for EM if necessary; however, 
formalin-fixed and glutaraldehyde-fixed tissue cannot generally be 
used for IF. It is possible to perform immunohistochemical stains 
for immunoglobulins and light chains on formalin-fixed paraffin- 
embedded (FFPE) tissue sections; however, this technique is not widely 
practiced in the United States.” Examination of hematoxylin and eosin 
(H&E)-stained tissue sections of Hollande’s fixed kidney biopsy speci- 
mens using IF has also been described as useful in identifying 
glomerular deposits.” 

Once the tissue cores have been placed in the appropriate media, 
the appropriately labeled vials with any accompanying clinical or labo- 
ratory information are submitted to the pathology laboratory or sent 
via overnight shipper to the laboratory of an expert renal pathologist 
for processing and interpretation. 


Renal Biopsy Interpretation: Introduction and Patterns of Glomerular Injury 


Figure 3-3. Renal biopsy tissue showing diamond-shaped and sharply angulated 
artifact secondary to tissue sponges used during processing. (Photo courtesy of Dr. Lynn 
Cornell, Mayo Clinic, Rochester, MN.) 


Tissue Processing/Cutting/Staining 


Thorough examination of a native kidney biopsy requires light micros- 
copy, immunofluorescence staining, and electron microscopy. The 
most widely used fixative for LM is 10% neutral buffered formaldehyde 
(formalin); however, other fixatives are less commonly used.” Because 
of the delicate nature of the thin tissue cores, cassette sponges should 
not be used during processing to prevent introduction of sponge arti- 
fact” (Fig. 3-3). The tissue can be loosely wrapped in lens paper or 
placed in a tissue bag specifically designed for small specimens before 
placing in the tissue cassette. Most routine biopsies can be processed 
on an overnight tissue processor; however, many laboratories use a 
short tissue processing run or microwave processing. Once the tissue 
is processed and embedded in a properly labeled paraffin block, serial 
3u thick sections are cut such that one or two ribbons containing three 
to four sections each, depending on the size of the tissue core, are 
placed parallel on the slide. In our laboratory, 10 slides are cut and 
stained sequentially with the Jones methenamine silver stain (slides 1 
and 10), H&E (slides 2, 4, 7, and 9), periodic acid-Schiff (PAS) (slides 
3 and 6), and Masson trichrome stain (slides 5 and 8). Tissue remaining 
in the paraffin block may be used for additional stains such as Congo 
red or immunohistochemical stains as necessary. Residual tissue may 
also be deparaffinized and processed for EM if needed. 

Tissue obtained for IF studies can be snap frozen and embedded in 
optimal cutting temperature (OCT) compound or placed in transport 
media (Zeus/Michel) and transported to the laboratory. It is more 
convenient to use transport media for those biopsies that are shipped 
to a specialized laboratory for processing and interpretation. Tissue 
transported in transport media must be rinsed before freezing and 
cutting. Once embedded, the cryostat sections are placed on slides and 
air-dried before staining. In our laboratory the following stains are 
routinely performed on native kidney biopsies: IgA, IgG, IgM, Clq, 
C3, albumin, fibrinogen, kappa, and lambda. A stain for C4d is added 
to this panel for renal allograft biopsies or is performed alone, particu- 
larly in the early transplant period when there is no clinical concern 
for recurrent or de novo disease. After coverslipping, the slides are 
examined using a fluorescence microscope, and the staining intensity 
and location are recorded. Positive stains can be photographed and 
imported into the final biopsy report. 

Tissue to be processed for EM may be fixed in formalin; however, 
initial fixation or postfixation in glutaraldehyde is preferred. Tissue 


used for EM should be cut into small (1-mm) cubes before fixation. 
Tissue processing can be performed manually or by using an auto- 
mated processor. Once the tissue is processed each fragment is embed- 
ded in epoxy resin in a separate EM embedding mold. The number of 
tissue blocks varies depending on the quality of the tissue and whether 
or not glomeruli are visible using a dissecting microscope. One-micron 
sections are cut from each of the blocks and stained with toluidine blue. 
These “survey” or “thick” sections are evaluated and glomeruli are 
chosen for further EM examination. The survey sections should also 
be examined for other lesions such as arteriolar atheroemboli, tubular 
casts, and segmental glomerular lesions. The selected blocks may be 
trimmed to further isolate the chosen glomeruli and are cut at 0.1 u 
using an ultramicrotome. The thin sections are floated onto copper 
grids and stained with uranyl acetate and lead citrate. The glomeruli 
are examined and images are taken of mesangial regions and glomeru- 
lar capillaries at low, intermediate, and high magnification. Images of 
tubules, including tubular basement membranes and adjacent intersti- 
tium, are also taken. Images of peritubular capillaries are taken in renal 
allograft biopsies to assess for chronic antibody-mediated rejection. 


Overview of Renal Biopsy Interpretation 


The IF stains and the LM slides are generally available before the elec- 
tron microscopy is completed in most laboratories. Each IF slide 
should be evaluated; staining intensity (0-3+), quality (linear, granular, 
and smudgy), and location (mesangial, capillary wall, tubular base- 
ment membrane, tubule epithelium, tubule lumen, peritubular capil- 
lary) should be recorded. Depending on the staining results, an initial 
impression (e.g., immune complex—mediated disease or not; light 
chain—-mediated disease or not) can be made before examination of the 
LM slides. I prefer to evaluate the IF and LM slides without knowledge 
of the clinical impression or laboratory results and formulate a dif- 
ferential diagnosis based on morphology. 

I begin my examination of the light microscopy with a cursory 
overview by first noting the number of tissue cores present on the slides 
and whether or not renal medulla or capsule are included. The overall 
numbers of glomeruli are counted and the percentage of glomeruli that 
are globally sclerotic is noted. As each LM slide is examined note 
is also made of the degree of interstitial expansion and tubular injury, 
if any, and whether or not the interstitial expansion is secondary 
to edema, inflammation, or fibrosis. The artery and arteriolar cross- 
sections are examined for intimal fibrosis and arteriolar hyaline depo- 
sition; luminal thombi, including atheroemboli; arteritis; and fibrinoid 
necrosis. 

After this initial evaluation individual glomeruli are then examined 
more closely to assess for the presence of focal lesions and, if present, 
to determine whether the alterations are in the mesangium (sclerosis, 
nodules, hypercellularity), capillaries, or both, and whether the glo- 
merular lesions are segmental (segmental sclerosis, necrosis, prolifera- 
tion) or global. The quality of staining of an expanded mesangium is 
often useful. For instance, mesangial nodules of diabetic glomerulo- 
sclerosis are PAS- and silver-positive; however, the nodules of light- 
chain deposition disease (LCDD), while also PAS-positive, are often 
only weakly silver-positive or are silver-negative. By contrast, amyloid 
deposits that cause mesangial expansion are generally PAS- and silver- 
negative (Fig. 3-4). IF stains for kappa and lambda light chains will 
be definitive; however, these histochemical staining reactions are 
useful in narrowing the differential. The capillary walls are examined 
at higher magnification to look for basement membrane duplication, 
disruption of the capillary wall, and for capillary wall and mesangial 
deposits. Masson trichrome stain is useful for detecting subepi- 
thelial deposits, and subepithelial spikes and pinholes adjacent to 


49 


Practical Renal Pathology 


50 


silver-positive; light-chain deposition disease (C, PAS stain; D, silver stain) in which the mesangial regions are PAS-positive but only weakly stained with the silver stain, and amy- 
loidosis (E, PAS stain; F, silver stain), in which the amyloid deposits are PAS- and silver-negative. 


subepithelial deposits are more easily detected using the Jones silver 
stain (Fig. 3-5). 

The tubules are normally closely spaced; proximal and distal tubules 
should be readily distinguishable. The presence of tubular dilatation 
and attenuation of the epithelium with more basophilic cytoplasm of 


proximal tubule epithelium suggests acute tubular injury (Fig. 3-6). 
Atrophic tubules are common in areas of interstitial fibrosis and are 
characterized by small round tubules lined by cuboidal cells with a 
thickened basement membrane and dense PAS-positive luminal casts. 
Light-chain type casts often appear fractured and have an associated 
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cellular reaction. The cells surround the casts and are predominantly 
histiocytic with occasional multinucleated giant cells; however, occa- 
sionally the cells are predominantly neutrophilic (Fig. 3-7). Neutro- 
philic casts within tubule lumina often indicate acute pyelonephritis; 
however, a few neutrophils may be seen in interstitial nephritis from 
other causes. Some degree of interstitial inflammation is generally seen 
in areas of interstitial fibrosis and tubular atrophy and should not be 
mistaken for acute interstitial nephritis. 

As mentioned above, the arteries and arterioles are examined 
for the presence of luminal thrombi, including atheroemboli, for 
inflammation of the wall (arteritis), and for hypertensive vascular 
changes, including intimal fibrosis and arteriolar hyaline deposition 
(Fig. 3-8). 


Algorithm for Renal Biopsy Interpretation: Native 
Glomerular Disease 

An approach to the diagnosis of medical renal disease including 
common patterns of glomerular injury is outlined in Tables 3-1 to 3-5 
and in Figure 3-9. Although much of the following is applicable to 
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Figure 3-6. Normal proximal tubules (A) and tubules showing acute tubular injury (B) characterized by dilatation and attenuation of the tubular epithelium. Slight cytoplasmic 
basophilia is also present. 
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Figure 3-7. Atrophic tubules with periodic acid-Schiff (PAS) positive casts (A) and tubules containing PAS-negative light-chain casts (B). The light-chain casts appear fractured 
and are accompanied by a cellular reaction. 
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= Figure 3-8. Arteries showing luminal atheroemboli (A), necrotizing arteritis (B), and 
=== hypertensive arteriosclerosis (C). 


Table 3-1. Normal Glomeruli 
LM Disease IF EM Supporting Data 
Normal glomeruli inimal change disease Neg Podocyte foot process effacement — Nephrotic syndrome 
Thin glomerular basement membrane nephropathy/ Neg Thin GBM/GBM lamellation Microscopic or intermittent gross hematuria 
early hereditary nephritis 
Early membranous nephropathy Pos Subepithelial deposits Proteinuria 
Granular CW 
Normal Neg Normal Tubulointerstitial nephritis 


Acute tubular injury 


CW, capillary wall; EM, electron microscopy; GBM, glomerular basement membrane; IF, immunofluorescence; LM, light microscopy; Neg, negative; Pos, positive. 


Table 3-2. Abnormal Glomeruli: Capillary Wall Alterations 


LM Disease IF EM Supporting Data 
Thickened CW with GBM spikes (silver) Membranous Pos Subepithelial deposits Proteinuria 
or subepithelial deposits (MTrich) nephropathy Granular CW with GBM elaboration If SLE: mesangial deposits, TRI (ANA, anti-dsDNA) 
Thickened CW with GBM duplication Membranoproliferative Pos Subendothelial and Proteinuria, hematuria 
GN (MPGN) Subendothelial, mesangial deposits, Hepatitis C 
mesangial GBM duplication Chronic infection 
Chronic thrombotic Neg Subendothelial lucency Hemolytic anemia 
microangiopathy and GBM duplication Hypertension 
CW disruption Necrotizing/crescentic Neg or linear IgG Neg or mesangial/ Anti-GBM antibody 
GN (anti-GBM) or deposits capillary wall deposits | ANCA antibody 
(IC-mediated) Active urinary sediment 


ANA, antinuclear antibody; ANCA, antineutrophil cytoplasmic antibody; anti-dsDNA, anti-double-stranded DNA antibody; CW, capillary wall; EM, electron microscopy; GBM, glomerular basement membrane; 
GN, glomerulonephritis; IC, immune complex; IF, immunofluorescence; LM, light miscroscopy; MTrich, Masson trichrome stain; Neg, negative; Pos, positive; SLE, systemic lupus erythematosus; TRI, tubulore- 
ticular inclusions. 
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Table 3-3. Abnormal Glomeruli: Mesangial Alterations 


LM 


Hypercellularity 
(proliferation) 


Sclerosis 


Nodules 


ANA, anti-nuclear antibody; anti-dsDNA, anti-double-stranded DNA antibody; CW, capillary wall; EM, electroc microscopy; GBM, glomeru 
lipoprotein; HSP, Henoch-Schénlein purpura; HTN, hypertension; IF, immunofluorescence; LCDD, light chain deposition disease; LHC 


Disease 


IgA nephropathy 

Lupus nephritis (class II) 

Postinfectious GN (incompletely 
resolved) 

IgM nephropathy 

Hypertensive nephrosclerosis 


Early diabetic glomerulosclerosis 


Nodular diabetic 
glomerulosclerosis 


Monoclonal immunoglobulin 
deposition disease (LCDD, 
LHCDD) 

Metabolic syndrome 


Idiopathic nodular 
glomerulosclerosis 


IF EM 

Pos esangial (paramesangial) 
esangial IgA deposits 

Pos esangial deposits, rare CW 
esangial Ig, C1q, C3, kappa, deposits, TRI 
lambda ("full-house”) 

Pos esangial and rare subepithelial 
esangial C3, + CW “humps” 

Pos esangial deposits 
esangial IgM + C3 
eg esangial sclerosis 
eg or nonspecific GBM and esangial sclerosis, thickened 
TBM IgG and albumin GBM 
eg or nonspecific GBM and odular mesangial sclerosis, 


TBM IgG and albumin 


Pos 
[BM, GBM, and mesangial light 
chain or light and heavy chain 


thickened GBM/TBM 


Granular deposition along TBM, 


GBM and in mesangium 


eg Nodular mesangial sclerosis, 


thickened GBM 


eg Nodular mesangial sclerosis, 


thickened GBM 


Supporting Data 


Hematuria, proteinuria 

Lower extremity skin rash (HSP) 
einuria, hematuria 

Positive ANA, anti-dsDNA 
Extrarenal symptoms 

Hematuria 
+ history of infection 
Proteinuria, hematuria 


U 
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Systemic hypertension 
LVH 
Diabetes mellitus 


Diabetes mellitus 

PAS-, silver-positive nodules 

Hyaline arteriolosclerosis 

Paraproteinemia 
ultiple myeloma 

PAS-positive, silver-negative nodules 
etabolic syndrome (abdominal obesity, 
hypertriglyceridemia, HTN, low HDL) 

Cigarette smoker with HTN 


ar basement membrane; GN, glomerulonephritis; HDL, high-density 
DD, light and heavy chain deposition disease; LM, light microscopy; LVH, 


left ventricular hypertrophy; Neg, negative; PAS, periodic acid—Schiff; Pos, positive; SLE, systemic lupus erythematosus; TBM, tubular basement membrane; TRI, tubuloreticular inclusions. 


Table 3-4. Abnormal Glomeruli: Mesangium and Capillary Alterations 


LM 


Mesangial and 
endocapillary 
proliferation 


Mesangial and CW 
expansion with 
variable 
cellularity 


Disease 


Acute postinfectious GN 


Membranoproliferative GN 


Lupus nephritis 
Class Ill—segmental 
Class IV—global 


Immunotactoid GN 


Fibrillary GN 


Amyloidosis 


ANA, antinuclear antibody; anti-dsDNA, anti-double-stranded 
phritis; IF, inmunofluorescence; LC, light chains; LM, light microscopy; Neg, negative; Pos, positive; SLE, systemic lupus erythematosus; TRI, tubuloreticular inclusions. 


IF 


Pos 

Early—granular CW IgG 

Later—mesangial C3 

Pos 

esangial and CW Ig, complement, and LC 


Pos 
esangial and CW Ig, complement, LC 
(“full-house”) 


Pos 
esangial and CW IgG, LC (usually kappa) 


Pos 
Smooth mesangial and CW IgG, C3, LC 


Pos 
esangial and capillary LC (usually lambda) 


DNA antibody; ASO, antistreptolysin O; CW, capillary wal 


EM Supporting Data 
Subepithelial “humplike” and mesangial Hypocomplementemia 
deposits ASO titer (variable) 

ephritic presentation 
Mesangial and subendothelial deposits | Hypocomplementemia 
with GBM duplication Hematuria, proteinuria 
Hepatitis C 
Cryoglobulinemia 
Mesangial and CW deposits with GBM SLE 
duplication, TRI ANA, anti-dsDNA 
Hematuria, proteinuria 
Hypocomplementemia 


(~30-90 nm), often parallel 


haphazard fibrils 


Fibrils in mesangium and CW 


esangial and CW deposits with 
curved microtubular structure 


esangial and CW deposits containing 
12-24 nm) 


Lack of cryoglobulins, SLE 
ay have lymphoproliferative 
disorder, paraproteinemia 


Congo red-negative 
Lack of cryoglobulins, SLE 


Paraproteinemia 
ultiple myeloma 


; EM, electron microscopy; GBM, glomerular basement membrane; GN, glomerulone- 
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Table 3-5. Abnormal Glomeruli: Segmental Lesions 
LM Disease IF 
Neg or segmental IgM and 


Segmental Focal segmental glomerulosclerosis 


sclerosis (primary and secondary) C3 (primary) 
Pos in IC-mediated disease 

Segmental Lupus nephritis (class II!) Pos 

proliferation Mesangial and segmental 

cw 

Segmental Focal and segmental necrotizing and Pos in |C-mediated and 

necrotizing crescentic GN (anti-GBM, |C-mediated, anti-GBM 

lesions ANCA-associated) Neg in ANCA 


EM 


Podocyte foot process effacement 
(variable) 
Deposits in IC-mediated disease 


Mesangial and subendothelial 
deposits (segmental), may be 
occasional subepithelial deposits, 
TRI 


Deposits in IC-mediated 


Supporting Data 


Primary: Proteinuria/nephrotic syndrome 
Secondary: Symptoms related to renal 
disease 


SLE 
ANA, anti-dsDNA positive 
Variable proteinuria, hematuria 


Nephritic syndrome 
Positive ANCA, anti-GBM antibodies 


ANA, antinuclear antibody; ANCA, antineutrophil cytoplasmic antibody; anti-dsDNA, anti-double-stranded DNA antibody; CW, capillary wall; EM, electron microscopy; IF, immunofluorescence; GBM, glomerular 
basement membrane; GN, glomerulonephritis; IC, immune complex; LM, light microscopy; Neg, negative; Pos, positive; SLE, systemic lupus erythematosus; TRI, tubuloreticular inclusions. 


Normal 


Mesangium 


Mesangium and 
capillary 


(segmental 
or global) 


Proliferative 


Sclerosing 
(matrix, extracellular 
deposition) 


Mesangiolytic 


Proliferative 


Sclerosing 


Necrotizing 


Capillary 


(segmental 
or global) 


GBM duplication 


GBM spikes 


Extraglomerular 
tuft 


Podocytes 


Figure 3-9. An algorithm that is useful for differentiating glomerular diseases based on patterns of glomerular injury that have a normal light microscopic appearance and that 
affect primarily the mesangium, the mesangium and peripheral capillaries, the capillaries predominantly, or the extraglomerular region within Bowman's space. 
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renal allograft biopsies in addition to native kidney biopsies, disease 
entities specific to the renal allograft are discussed in Chapter 9. 

Evaluation of the glomeruli begins with an assessment of the total 
number of glomeruli in the biopsy and the number of glomeruli that 
are globally sclerotic. The remaining viable glomeruli are examined to 
establish if they are normal or abnormal. If the glomeruli are abnormal 
it must be determined if the abnormality is focal or diffuse, global or 
segmental, and whether or not the abnormality affects the mesangium 
only, the glomerular capillaries only, the mesangium and the capillaries 
(globally or segmentally), or extends beyond the glomerular tuft into 
Bowman's space. 


imple ol 


The biopsy shown (Fig. 3-10) contains nine glomeruli, all of which 
appear intact. None of the glomeruli are globally or segmentally scle- 
rotic, and no glomeruli contain cellular crescents. At low magnifica- 
tion, the glomeruli do not look hypercellular; however, the assessment 
of mesangial or segmental proliferation will be done at higher magni- 
fication. Scanning along the biopsy core reveals intact tubules without 
significant interstitial fibrosis and no inflammation. 

At higher magnification the glomeruli show no mesangial hyper- 
cellularity and no significant increase in mesangial matrix (Fig. 3-11). 
No segmental proliferation is seen and the glomerular capillary walls 
appear fine and delicate without evidence of capillary wall disruption, 
sclerosis, or immune deposits (no basement membrane duplication 
and no subepithelial basement membrane spikes). 

At this point in our evaluation the glomeruli appear normal by 
LM. Our differential diagnosis includes minimal change disease, thin 
glomerular basement membrane nephropathy, early membranous 
nephropathy, and early hereditary nephritis (see Table 3-1). 

The IF stains are evaluated next; there is focal staining of tubular 
cells for albumin (Fig. 3-12), suggesting significant proteinuria or 
nephrotic syndrome. Stains for immunoglobulins (IgA, IgG, and IgM), 
complement (C3 and Clq), and light chains are negative. 

The tissue submitted for EM was processed into four blocks; a total 
of six glomeruli are present. Two glomeruli from block #2 were exam- 
ined and show a lack of immune deposits. The glomerular basement 
membranes appear normal in thickness; however, the podocytes show 
significant foot process effacement (Fig. 3-13). 


Figure 3-10. Overview of a silver-stained renal biopsy core with nine glomeruli. None 
of the glomeruli are globally or segmentally sclerotic and appear essentially normal at 
low magnification. 


Renal Biopsy Interpretation: Introduction and Patterns of Glomerular Injury 


Ss b - San. s ‘ p 


= : ia <= = 


Figure 3-11. A single glomerulus examined at higher magnification that shows no 
increase in mesangial matrix or cellularity, no segmental or global proliferation or 
sclerosis, and no abnormalities of the peripheral capillary walls. 


Figure 3-12. Immunofluorescent staining of tubular epithelial cells for albumin, 
showing positive staining of protein reabsorption droplets indicative of significant 
proteinuria. 


Figure 3-13. Glomerulus examined ultrastructurally demonstrating global effacement 
of podocyte foot processes and a lack of immune deposits or other protein deposition 
compatible with minimal change disease. 
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The diagnosis in this case is minimal change disease. It is possible 
that a segmental sclerosing lesion was not sampled and focal segmental 
glomerulosclerosis cannot be entirely excluded; however, that diagno- 
sis is less likely in the absence of global glomerulosclerosis and 
interstitial fibrosis. Regardless, the global nature of the podocyte foot 
process supports an idiopathic process, in this case minimal change 
disease. An early membranous nephropathy is excluded by the lack of 
immune deposits with IF staining and ultrastructurally. Likewise the 
glomerular basement membranes are of normal thickness, arguing 
against a diagnosis of hereditary nephritis. 

The clinical history of rapid onset of lower extremity and facial 
edema in a 14-year-old boy is also in keeping with the diagnosis of 
minimal change disease. 
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Glomeruli respond to injury in a number of ways that can be detected 
morphologically. Injury mediated by immune complex deposition gen- 
erally produces a hypercellular glomerulus with proliferation of cells 
within the mesangium or capillaries. Antibody directed against anti- 
gens within the glomerular basement membrane (GBM) may result in 
disruption of the capillary wall with extraglomerular hypercellularity 
in the form of a cellular crescent. Crescentic disease may be seen in 
anti-GBM-mediated disease, in immune complex—mediated disease, 
and in association with circulating antineutrophilic cytoplasmic anti- 
bodies (ANCA). 

Finding normal glomeruli morphologically does not exclude glo- 
merular injury. Normal glomeruli may be seen in minimal change 
disease, thin GBM nephropathy, early stages of Alport syndrome, 
and in unsampled focal and segmental glomerular lesions such as 
focal segmental glomerulosclerosis and necrotizing and crescentic 
glomerulonephritis. 

Although light microscopy can provide clues to the cause of glo- 
merular injury, these findings must always be correlated with results 
of immunofluorescence staining and electron microscopy. Correlation 
with clinical and laboratory results and discussion with the nephro- 
logist caring for the patient are also necessary to provide the most 
accurate diagnosis. 

This chapter reviews and compares common “primary” glomerular 
diseases and, where appropriate, compares and differentiates those 
lesions that may also be associated with a systemic disease. Secondary 
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glomerular diseases and hereditary diseases are discussed in Chapters 
5 and 6, respectively. 


Normal Glomerular Structure 


The renal corpuscle, or glomerulus, is formed by a capillary network 
lined by a thin, fenestrated endothelium, the GBM, and an outer layer 
of visceral epithelial cells, or podocytes (Fig. 4-1). A central region of 
mesangium composed of matrix and mesangial cells provides struc- 
tural support and modulates glomerular filtration. The visceral epithe- 
lial cells are continuous with the parietal epithelial cells that line 
Bowman's capsule. A narrow cavity, the urinary space or Bowman’s 
space, is located between the two epithelial cell layers. The visceral 
epithelium is continuous with the parietal epithelium at the vascular 
pole, the site of entry and exit of the afferent and efferent arterioles, 
respectively. The parietal epithelial layer is continuous with the epithe- 
lium of the proximal tubule at the opposite pole (Fig. 4-2). 

The filtration barrier between the capillary lumen and the urinary 
space is composed of inner fenestrated endothelial cells, the GBM, and 
the outer podocyte foot processes bridged by slit diaphragms (Fig. 4-3). 
The endothelial cell nucleus lies adjacent to the mesangium; the 
remainder of the cell is attenuated, covering the capillary lumen. The 
attenuated endothelium is penetrated by pores, or fenestrae, which 
range from 70 to 100 nm in diameter. The GBM is composed of a dense 
central layer, the lamina densa, and two thinner, more electron-lucent 
layers, the inner lamina rara interna and outer lamina rara externa. In 
adult humans the GBM width ranges from 326 + 45 nm in women to 
373 + 42 nm in men.’ The GBM is thinner in children.’ The visceral 
epithelial cells, or podocytes, have long cytoplasmic processes that 
extend from the main cell body and divide into individual foot pro- 
cesses (Fig. 4-4). The foot processes are in direct contact with the 
lamina rara externa of the glomerular basement membrane. Adjacent 
foot processes are derived from different podocytes. Neighboring foot 
processes are connected by a specialized cell-cell junction, the glo- 
merular slit diaphragm, which is thought to be a modified adherens 
junction.’ The slit diaphragm is 30 to 40 nm in length and contains a 
number of proteins (Mfatl, Nephl, nephrin, CD2AP, and podocin) 


Figure 4-1. A, Silver-stained section of a normal glomerular tuft with surrounding 
Bowman's capsule and hilar arterioles. B, Glomerular capillaries with inner endothelial 
cells and outer epithelial cells (podocytes) with interdigitating foot processes. 


that are important in maintaining normal function of the glomerular 
filtration barrier.’ 


Primary Glomerular Diseases 
Minimal Change Disease 


First described as lipoid nephrosis, minimal change disease (MCD) has 
also been referred to as Nil disease and steroid-responsive nephrotic 
syndrome. The term lipoid nephrosis came into usage due to the finding 
of lipid in the renal tubular cells and lipid-laden macrophages, referred 
to as urinary oval fat bodies. The term Nil disease was coined from the 
lack of inflammatory or other changes seen in the glomeruli.** Before 
the advent of antibiotics and steroids, 40% of children with nephrotic 
syndrome died of infections (e.g., bacterial sepsis), renal failure, or 
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Figure 4-3. Ultrastructure of the glomerular capillary wall with the capillary lumen, 
the endothelial cells, the glomerular basement membrane (arrow), and the outer epi- 
thelial cells (podocytes). 


Figure 4-4. Scanning electron micrograph showing visceral epithelial cells (arrow) 
with interdigitating foot processes covering the glomerular capillaries. 
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Figure 4-5. Silver-stained section of morphologically normal glomerulus in minimal 
change disease. 


thromboembolism.” In the 1950s, oral therapy with steroids was 
introduced to treat idiopathic nephrotic syndrome, dramatically 
changing the course of the disease.“ Most of those who responded 
had MCD. 


Incidence and Demographics 

Minimal change disease is the major cause of nephrotic syndrome in 
children, accounting for 85% to 90% of cases in children under age 6 
and more than 50% of cases in older children.*” MCD accounts for 
10% to 15% of cases of primary nephrotic syndrome in adults. The 
incidence is 2 to 7 new cases per 100,000 children, and the prevalence 
is 15 cases per 100,000 children.” 


Clinical Manifestations 

Minimal change disease primarily affects children, and 80% are 
younger than age 6 years at the time of diagnosis.*” The cardinal feature 
of MCD in children is the abrupt onset of proteinuria with the develop- 
ment of the nephrotic syndrome. As such, the presentation often 
includes facial edema or increased abdominal girth. Children with 
nephrotic syndrome can also present with primary peritonitis, septi- 
cemia, or cellulitis (without an apparent entry site).>'’ Almost all of 
these infections are caused by Streptococcus pneumoniae or an enteric 
bacterium. Pleural effusions and ascites are also frequent, particularly 
in the pediatric population.’*° The majority of children with MCD 
present with little or no hypertension or hematuria. Overall, the clini- 
cal signs and symptoms are essentially the same in adults presenting 
with nephrotic syndrome. Whereas hematuria, hypertension, and renal 
insufficiency are unusual in children, these features can be seen in 
adult-onset MCD. Vague symptoms of headache and malaise are also 


common.'*'® 


Histopathology 

The glomerulus is, by definition, normal by light microscopic examina- 
tion (Fig. 4-5). Immunoreactivity for complement and immunoglobu- 
lin is absent; however, albumin may be seen in the protein reabsorption 
droplets of the tubular epithelial cells (Fig. 4-6). Some investigators 
allow for the presence of weak mesangial IgM; others also allow for 
mesangial proliferation. Given that the clinical behavior for these latter 
cases often differs from that expected for MCD, individuals manifest- 
ing mesangial alterations should be considered separate from the pure 
form of MCD. The glomerular podocyte is the target of injury in 


Figure 4-6. Tubular epithelial cytoplasmic protein reabsorption droplets showing posi- 
tive immunofluorescent staining for albumin in a patient with nephrotic syndrome. 


Figure 4-7. Transmission electron microscopic image of a glomerular capillary with 
global podocyte foot process effacement. This finding is indicative of significant pro- 
teinuria and is the only alteration noted in minimal change disease. 


MCD,” with resultant loss of identifiable epithelial cell foot processes 
by electron microscopy (Fig. 4-7). The podocytes undergo microvillous 
transformation and vacuolization, and may show aggregation of 
microfilaments near their attachment points along the basement 
membrane. 


Differential Diagnosis 
The differential diagnosis includes IgM nephropathy, Clq nephropa- 
thy, IgA nephropathy, and unsampled focal segmental glomeruloscle- 
rosis (FSGS) (Table 4-1). IgM nephropathy should be diagnosed if the 
glomeruli are normal or show mesangial hypercellularity in association 
with bright mesangial IgM immunofluorescent staining.” ” These 
patients often have accompanying hematuria. Clq nephropathy may 
also demonstrate normal glomeruli, mesangial hypercellularity, or 
segmental glomerulosclerosis; it is accompanied by Clq, C3, and 
immunoglobulin immunofluorescent reactivity. Most have well- 
defined deposits on electron microscopy.” 

Differentiating MCD from FSGS can be troublesome in a young 
child who presents with the abrupt onset of nephrotic syndrome. The 
presence of tubular atrophy suggests the possibility of a segmental or 
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Table 4-1. Differential Diagnosis of Minimal Change Disease 
Disease Differentiating Features 


IgM nephropathy esangial IgM 


IgA nephropathy esangial IgA, C3, kappa, lambda 


C1q nephropathy esangial C1q; less intense IgG, IgM, C3 


Unsampled FSGS Focal interstitial fibrosis and tubular atrophy 


Segmental IgM or C3 


FSGS, focal segmental glomerulosclerosis. 


globally sclerotic glomerulus, requiring evaluation of additional tissue 
levels. Sampling of the juxtamedullary cortex is important, because the 
initial segmental sclerotic lesions may develop in this region. 


Prognosis and Treatment 

The first line of therapy for MCD is corticosteroids. Because MCD is 
exquisitely sensitive to corticosteroids, resolution of proteinuria in 
children is considered confirmatory of the diagnosis. Typically, com- 
plete remission occurs within 8 weeks of therapy in 93% of children 
with MCD, and in 51% to 76% of adults.°””*° A complete response is 
defined by the absence of proteinuria by dipstick for 3 consecutive 
days. Partial remission is defined by a reduction in the level of protein- 
uria. Relapse of disease is considered if there is recurrence of protein- 
uria for 3 consecutive days after a complete response. Such relapses are 
not infrequent in children, with sustained remission rates ranging from 
10% to 60%.” The many attempts to predict the long-term outcome in 
patients with MCD point to the importance of steroid responsiveness 
with regard to a more favorable outcome. Steroid nonresponders have 
a statistically significant higher serum creatinine at follow-up com- 
pared with responders, and the majority of patients who progress to 
end-stage renal disease (ESRD) are steroid nonresponders. 

In contrast to the pediatric population, adults with MCD are less 
predictably and more slowly responsive to steroids; the elderly not 
infrequently develop hypertension and renal failure.” However, in con- 
trast to children, MCD in adults is less likely to relapse once remission 
is achieved.” The prevailing view is that MCD in children is more 
frequent, more often complicated by massive edema and bacterial 
infections, more responsive to steroids, and more likely to relapse than 
in adults. 

Acute renal failure can rarely accompany MCD; most reports 
suggest that it is reversible in the vast majority of patients with com- 
plete recovery of renal function. In contrast, data from one cohort of 
adults suggests that there may be incomplete recovery from acute renal 
failure in this population, although it is possible that age-related 
decline in renal function, an overall increased prevalence of hyperten- 
sion, and perhaps other comorbidities may be confounding factors.” 


Focal Segmental Glomerulosclerosis 


The histopathology of FSGS was first described in 1925 by Theodor 
Fahr, a German pathologist.” It wasn’t until 25 years later that associ- 
ated renal impairment with this glomerular lesion was documented by 
an autopsy study of patients with progressive renal disease. In 1970, 
the classification of pediatric nephrosis first included FSGS as an entity 
separate from MCD in the International Study of Kidney Disease in 
Children.***” Within the past two decades, the definition of FSGS has 
expanded to include histologic variants and emphasize the separation 
of primary and secondary etiologies. Focal and segmental glomerulo- 
sclerosis, focal sclerosis, and segmental sclerosis are synonyms. 


Figure 4-8. This silver-stained renal biopsy core contains five glomeruli. The glomeru- 
lus in the upper right contains a segmental sclerosing lesion (arrow) indicative of focal 
segmental glomerulosclerosis. 


Incidence and Demographics 

Recent studies of renal biopsy specimen archives from several institu- 
tions in the United States suggest that the incidence of FSGS has 
increased over the past 20 years.” Indeed, FSGS has become the 
leading cause of idiopathic nephrotic syndrome in adults and has 
become increasingly common in children as well. The proportion of 
ESRD attributed to FSGS has increased 11-fold, from 0.2% in 1980 to 
2.3% in 2000.” African Americans have a fourfold greater risk of 
developing ESRD secondary to FSGS than white or Asian individuals. 
The peak decade for ESRD due to FSGS is 40 to 49 years among African 
Americans and 70 to 79 years among white and Asian individuals. 
Males have a 1.5- to 2-fold greater risk of ESRD than females.” 


Clinical Manifestations 

Primary FSGS can present at any age, with a median age of onset 
between 40 and 50 years.**** FSGS always produces proteinuria, which 
is often nonselective. It is most commonly diagnosed in patients with 
overt nephrotic range proteinuria, but any proteinuria that is fixed and 
persistent over several months may signal underlying FSGS. Hematu- 
ria is common and is almost always of the microscopic type, and 
hypertension occurs not infrequently. Serum blood urea nitrogen and 
creatinine are elevated in approximately one third of patients at the 
time of presentation, most commonly in adults.*“° 


Histopathology 

Focal segmental glomerulosclerosis is a pattern of injury defined by 
segmental glomerular consolidation into a collagenized scar, affecting 
some but not all glomeruli. The pathologic diagnosis of FSGS is there- 
fore established by finding at least one glomerulus with a segmental 
scar and remaining normal glomeruli (Fig. 4-8). The unaffected glom- 
eruli may show glomerulomegaly by morphometric studies. The classic 
scar is located either at the hilum or in the glomerular periphery, and 
consists of obliteration of the glomerular architecture and replacement 
by collagen or segmental glomerular collapse. The overlying parietal 
and visceral epithelium may be prominent, especially when associated 
with an adhesion, but it is not stratified as in a true crescent (Fig. 4-9). 
Podocyte cytoplasm may contain protein reabsorption droplets (Fig. 
4-10). Although the segmental nature of this lesion is usually obvious, 
a lesion can also be accepted as a segmental scar when at least one 
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Figure 4-9. Focal segmental glomerulosclerosis with overlying podocyte prominence. 
Cytoplasmic protein reabsorption droplets are also present. 


Figure 4-10. Focal segmental glomerulosclerosis with podocyte prominence and cyto- 
plasmic protein reabsorption droplets. Parietal epithelial cells of the adjacent Bowman's 
capsule also appear prominent. 


unscarred lobule with patent capillaries is present in a heavily involved 
glomerulus (Fig. 4-11). 

When secondary causes, which may result in segmental scarring, 
are eliminated, the remaining cases are included in the category of 
primary, or idiopathic, FSGS. Common secondary etiologies include 
those related to reduced nephron mass (e.g., hypertension, morbid 
obesity, reflux nephropathy), drugs (interferon alpha, pamidronate), or 
viruses (parvovirus B19, HIV).*”“ FSGS can also occur as a manifesta- 
tion of an inherited syndrome*™ (Box 4-1). 

Glomeruli show either no staining or nonspecific entrapment of C3 
or IgM in scarred areas. Protein reabsorption may lead to immuno- 
globulins and C3 within visceral epithelial cells (Fig. 4-12). Electron 
microscopy shows focal or diffuse foot process effacement with micro- 
villous transformation. Detachment of visceral epithelial cells with 
associated lamination of the GBM may be encountered, but is not 
specific for FSGS (Fig. 4-13). 


Figure 4-11. Focal segmental glomerulosclerosis. The glomerulus on the left contains 
a large area of tuft sclerosis with only a few intact capillaries remaining. The glomerulus 
in the lower right contains a smaller lesion along the upper edge (arrow). 


Box 4-1. Secondary Causes of Focal Segmental Glomerulosclerosis (FSGS) 


Reduced Nephron Mass 

Solitary kidney (congenital or acquired) 
Oligomeganephronia 

Obesity/sleep apnea 

Reflux nephropathy 

Sickle cell anemia 

Systemic hypertension 


Drugs 
Pamidronate 
Heroin 
Interferon-alfa 
Sirolimus 
Lithium 
Viruses 

HIV 

Parvovirus B19 
SV40 
Cytomegalovirus 


Inherited 

Autosomal recessive 

Autosomal dominant 

CD2AP mutations 

Syndromic focal segmental glomerulosclerosis 
Mitochondrial DNA mutations 


Histologic Variants of FSGS 

The category of FSGS has been expanded to include several distinct 
variants involving glomerular alterations that need not be focal, seg- 
mental, or even sclerotic.” The classical subtype of FSGS, not other- 
wise specified (NOS), has already been discussed. The other variants, 
based entirely on LM findings, are herein outlined (Table 4-2). The 
importance of these variants lies in the putative differences in progno- 
sis and therapeutic response associated with the different lesions. 


The Tip Lesion of FSGS. The glomerular tip lesion is a distinct glo- 
merular lesion characterized by an expansion of the glomerular tuft at 
the origin of the proximal tubule“ (Fig. 4-14). The tip lesion may 
include endocapillary foam cells or a small amount of acellular hyaline 
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Figure 4-12. Immunofluorescent staining of epithelial cell protein reabsorption drop- 
lets for albumin. 


. : fall 
Figure 4-13. Lipid in a segmental sclerosing lesion (A) with significant podocyte 
foot process effacement over the remaining glomerular capillaries (B). 


Table 4-2. Histologic Variants of Focal Segmental Glomerulosclerosis 


Type 
Perihilar variant 


Differentiating Features 


Perihilar hyalinosis and sclerosis in most glomeruli 
with segmental lesions 


Tip variant Segmental lesion at origin of proximal tubule in at 


least one glomerulus 


Collapsing variant Tuft collapse with overlying visceral cell 
hyperplasia and hypertrophy in at least one 


glomerulus (usually in most) 


Cellular variant Segmental endocapillary hypercellularity with foam 


cells and variable epithelial cell prominence 


FSGS NOS Lacks features of other variants 


FSGS, focal segmental glomerulosclerosis; NOS, not otherwise specified. 
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Figure 4-14. Small segmental sclerosing lesion near the glomerular “tip” where the 
proximal tubule lumen exits Bowman's space. 


material, usually accompanied by an adhesion between the glomerular 
segment and Bowman's capsule or the tubular basement membrane. 
Overlying podocytes often are swollen and contain cytoplasmic vacu- 
oles and protein reabsportion droplets. 

The remainder of the glomerular tuft is unremarkable by light 
microscopy, but there is diffuse foot process effacement by electron 
microscopy, as in MCD. Trapping of antibody to IgM and C3 may be 
seen in the tip lesion by immunofluorescence, as in FSGS-NOS. A 
diagnosis of glomerular tip lesion is excluded by the presence of any 
glomerulus with collapsing sclerosis or any case with clinico-pathologic 
features of another primary glomerular disease such as diabetic 
nephropathy. 


The Collapsing Lesion of FSGS. The diagnosis requires at least one 
glomerulus with segmental or global collapse with hypertrophy and 
hyperplasia of the overlying visceral epithelium (Fig. 4-15). Collapse 
refers to the obliteration of glomerular capillaries with loss of endothe- 
lium, together with wrinkling of the GBM. The hypertrophied visceral 
epithelial cells have prominent nucleoli and vacuolated basophilic 
cytoplasm with periodic acid-Schiff (PAS)-positive droplets. Epithelial 
hyperplasia is often accompanied by mitoses, and adhesions are occa- 
sionally present (Fig. 4-16). Classic scars and global sclerosis are fre- 
quently seen alongside the collapsing lesion of FSGS. 


Glomerular Diseases—Primary 


Figure 4-15. Collapsing glomerulopathy or the cellular/collapsing form of focal seg- 
mental glomerulosclerosis. Note the prominent capillary collapse with overlying podo- 
cyte prominence and cytoplasmic protein reabsorption droplets. The process is generally 
global and commonly affects several glomeruli. 


Figure 4-17. The perihilar variant of focal segmental glomerulosclerosis. The 
sclerosing lesion spans the glomerular hilum (A, Masson trichrome; B, periodic 
acid-Schiff). 


Figure 4-16. Collapsing glomerulopathy at higher magnification showing prominent 
podocytes and a mitotic figure (arrow). 


The Perihilar Variant of FSGS. This variant is often seen in associa- 
tion with obesity or reduced functional renal mass and commonly 
hypertension.**” The diagnosis requires that more than 50% of glom- 
eruli show the defining features: at least one glomerulus must have 
perihilar hyalinosis, and more than 50% of the segmentally scarred 
glomeruli must have perihilar sclerosis (Fig. 4-17). 


The Cellular Variant of FSGS. The glomeruli of the cellular variant 
of FSGS show segmental endocapillary hypercellularity, which may 
include foam cells, and is associated with variable podocyte promi- 
nence (Fig. 4-18). This lesion presumably represents an early stage in 
the evolution of FSGS. The cellular variant is the least common form 
of FSGS.“ 


i A ii he PS RRN 
Differential Diagnosis Figure 4-18. The cellular variant of focal segmental glomerulosclerosis. The glomeru- 
In a biopsy from a patient with chronic renal failure, the finding of lus shows segmental endocapillary proliferation, which includes foam cells and accom- 
segmental glomerulosclerosis may reflect either a primary glomerular panying mild epithelial cell hypertrophy (periodic acid—Schiff). 
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Table 4-3. Differentiating Features of Primary and Secondary FSGS 


Primary Secondary 


Usually abrupt onset of 
nephrotic syndrome 


Less proteinuria; slow onset 


Normal-sized glomeruli, less 
parenchymal atrophy 


Glomerular hypertrophy in unaffected glomeruli 
Focal interstitial fibrosis/tubular atrophy and 
global glomerulosclerosis 


Diffuse global podocyte foot 
process effacement 


Less prominent and segmental podocyte foot 
process effacement 


No IC, TRI, or other causes Evidence of a secondary cause (IC, crescents, 


TRI, DM, Fabry, Alport, HTN) 


DM, diabetes mellitus; FSGS, focal segmental glomerulosclerosis; HTN, hypertension; IC, immune 
complex(es); TRI, tubuloreticular inclusions. 


disorder (idiopathic or primary FSGS) or overall reduced nephron 
mass (secondary FSGS). Although not always diagnostically separable, 
there are important clinical and histologic clues to the etiologic clas- 
sification (Table 4-3). Segmental sclerosing lesions of secondary etio- 
logy tend to present with slowly progressive proteinuria without 
edema, in contrast to primary FSGS, which often presents abruptly 
with nephrotic syndrome. Histologically, FSGS of primary etiology 
tends to show normal-sized glomeruli and no significant parenchymal 
atrophy, whereas FSGS of secondary etiology typically shows glomeru- 
lar hypertrophy in nonsclerotic glomeruli and evidence of preexisting 
chronic renal injury. The presence of significant and diffuse effacement 
of podocyte foot processes is more characteristic of the idiopathic type; 
secondary FSGS will more often show largely preserved podocyte foot 
processes.”””’ Additional diagnostically useful electron microscopic 
(EM) findings include tubuloreticular inclusions within endothelial 
cells, viral particles, or the presence of abnormal mitochondria in 
podocytes (mitochondrial DNA mutation). A family history of FSGS 
is a significant clinical clue in helping to identify those cases with 
mutations in podocyte proteins. 

In cases with no morphologic glomerular alteration and no evi- 
dence of immune complex deposition, the differential diagnosis may 
include both FSGS and MCD. Distinction is important due to the 
poorer outcome of FSGS and its frequent resistance to steroid therapy. 
The presence of chronic changes, such as global glomerulosclerosis, 
interstitial fibrosis, and vascular sclerosis, favor a diagnosis of FSGS 
over MCD. Deeper sectioning with multiple levels is indicated to 
increase the probability of detecting a segmental scar. 


Prognosis and Treatment 

Although patients with primary FSGS may present with any level of 
proteinuria, clinical concern is greatest for those who present with 
nephrotic-range proteinuria and elevated serum creatinine. Half of 
patients presenting with proteinuria greater than 3 g/day or a serum 
creatinine greater than 115 [mol/L progress to ESRD within 5 to 10 
years.” It is widely recognized that the prognosis in nephrotic 
patients with primary FSGS is significantly improved when remission 
of proteinuria is achieved. Because more than 50% of nephrotic adult 
patients with FSGS respond to an aggressive course of steroids, a trial 
of therapy has been recommended. Initial reports in nephrotic patients 
with the tip lesion suggested an excellent response to steroids and 
favorable course, similar to that seen in MCD; however, subsequent 
studies have shown that the response and course in patients with the 
tip lesion is similar to that in patients with FSGS. For example, in 1985, 
Howie and colleagues, reporting the clinical course in 31 patients with 
the tip lesion, found that 48% of patients attained remission with 


Box 4-2. Causes of Membranous Nephropathy 


NSAIDs, nonsteroidal anti-inflammatory drugs. 


steroids, with a 10-year renal survival of 90%. However, in the 52% of 
patients who were unresponsive to treatment, the 10-year renal sur- 
vival was 30%. 

Although both the collapsing variant and the tip variant tend to 
present with severe proteinuria, the collapsing variant has a low com- 
plete remission rate (under 20%) and is associated with an increased 
prevalence of and more rapid progression to ESRD.” 

Patients with the perihilar variant of FSGS more likely have reduced 
renal mass and arterionephrosclerosis. The clinical course for patients 
with secondary FSGS is generally more indolent than for those with 
primary FSGS, with lower frequency of nephrotic syndrome.” 


Membranous Nephropathy 


Incidence and Demographics 

Membranous nephropathy is one of the most common causes of the 
nephrotic syndrome in adults, accounting for approximately 25% of 
cases.” The peak age at presentation is between age 30 and 50 years, 
but the disease occurs in all age groups, including children. Membra- 
nous nephropathy develops in response to other factors in approxi- 
mately 20% of cases. Causes of secondary disease include autoimmune 
disease such as systemic lupus erythematosus, infectious diseases, 
malignancies, and drugs (Box 4-2), which must be carefully excluded 
before a diagnosis of idiopathic disease can be made.” Membranous 
nephropathy may be the first clinical manifestation of lupus in young 
women. Between 5% and 10% of patients have membranous nephropa- 
thy associated with an underlying malignancy, and the renal disease 
can manifest before a neoplasm becomes clinically apparent.” Patients 
with membranous nephropathy are at an increased risk for renal vein 
thrombosis, which is thought to be related to the hypercoagulable state 
that occurs in the context of the nephrotic syndrome.” *' Synonyms 
include membranous glomerulopathy, membranous glomerulonephritis, 
and membranous nephritis. 


Etiology and Pathogenesis 

Membranous nephropathy is caused by deposition of immune com- 
plexes on the outer aspect of the GBM (Fig. 4-19). In humans, immune 
deposits likely form by the binding of antibodies against antigens on 
the podocyte foot processes. Immune complexes contain IgG, often 


Figure 4-19. The subepithelial location of the immune deposits in membranous 
nephropathy. 


IgG4, and the membrane attack complex C5b-9. Proteinuria is a con- 
sequence of complement activation, and sublytic amounts of C5b-9 
complex are incorporated into the cell membranes of podocytes, stim- 
ulating the podocytes to up-regulate genes that are responsible for the 
increased production of oxidants, proteases, prostanoids, cytokines, 
and extracellular matrix components. C5b-9 also alters the podocyte 
cytoskeleton, which can lead to the abnormal distribution of slit dia- 
phragm proteins and to the detachment of podocytes into Bowman's 
space. These processes impair the function of the GBM and podocytes 
as a filtration barrier and leads to proteinuria.” 

Recent progress in our understanding of the pathogenesis of human 
membranous nephropathy has come from cases of antenatal membra- 
nous nephropathy. The disease developed in infants born to mothers 
who had mutations in the neutral endopeptidase gene and therefore 
produced antibodies against this enzyme. These antibodies crossed the 
placenta and formed immune deposits in the subepithelial space of the 
infants’ kidneys.” In 2009, Beck et al.** identified the M-type phos- 
pholipase A2 receptor (PLA2R) as a podocyte antigen involved in 
autoimmune idiopathic membranous nephropathy. 


Clinical Manifestations 

Membranous nephropathy characteristically presents with the 
nephrotic syndrome. More than 80% of patients have heavy protein- 
uria at clinical presentation. Hypertension is present in 30%, and 
microscopic hematuria in 50% of cases.***” 


Histopathology 

The characteristic histopathologic change in membranous nephropa- 
thy is GBM thickening without glomerular hypercellularity (Fig. 4-20). 
In very early cases, the glomeruli may appear normal on hematoxylin 
and eosin (H&E)-stained sections, and there may be a mild increase 
in mesangial matrix, which may become more prominent over time. 
When abundant subepithelial immune deposits are present, they can 
be visible along the outer aspect of the GBM by light microscopy. The 
deposits are light pink on the Jones silver stain and bright red on the 
trichrome stain, and are surrounded by increased basement membrane 
material that projects from the basement membrane into the urinary 
space (Fig. 4-21). The basement membrane change is visible as spikes 
on the Jones methenamine silver stain (Fig. 4-22). There is no con- 
spicuous proliferation of resident glomerular cells or glomerular infil- 
tration by inflammatory cells. With disease progression, segmental and 


Figure 4-20. Membranous nephropathy. The capillary walls appear thickened and 
rigid with a few fine eosinophilic subepithelial immune deposits visible on the Masson 
trichrome stain. 


Figure 4-21. Membranous nephropathy. The small eosinophilic deposits are visible on 
the silver stain separated by silver-positive subepithelial “spikes.” 


later global glomerulosclerosis develops. Protein reabsorption droplets 
are found in the epithelial cells of proximal tubules when heavy pro- 
teinuria is present. Interstitial fibrosis, tubular atrophy, and arteriolo- 
sclerosis develop in chronic cases. 

Immunofluorescence staining shows diffuse, granular staining for 
IgG and C3 along the glomerular capillary walls (Fig. 4-23). Staining 
for IgA and IgM is not conspicuous in primary membranous nephro- 
pathy. The immune deposits stain strongly for C5b-9, although this 
stain is not performed routinely in most renal pathology laboratories. 
Strong staining for the immunoglobulins IgA and IgM as well as com- 
plement Clq is characteristically found in membranous nephropathy 
secondary to systemic lupus erythematosus. Positive staining of 
immune deposits with all five antibodies against IgG, IgA, IgM, C3, 
and Clq is commonly referred to as the full house staining pattern, and 
is a hallmark of lupus nephritis. 
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Figure 4-22. Membranous nephropathy. When viewed en face, the subepithelial 
deposits may be less apparent; however, the surrounding basement membrane elabora- 
tion appears as small “pinholes.” 


Figure 4-23. Membranous nephropathy. Immunofluorescent staining with antibody 
to immunoglobulins, C3, and light chains demonstrates bright granular staining along 
the outer aspect of the capillary wall. The outer contour appears granular rather than 
smooth. 


Podocyte foot process effacement, a prominent finding ultrastruc- 
turally, is invariably present in membranous nephropathy. Electron- 
dense immune complex type deposits are present along the subepithelial 
aspect of the GBM (Fig. 4-24). Basement membrane material accumu- 
lates between these deposits and projects into the urinary space as 
“spikes,” the hallmark of the disease. With progression, the spikes can 
coalesce to completely surround the deposits, and the GBM becomes 
increasingly thickened. The electron-dense deposits may become reab- 
sorbed, leaving cleared spaces within the remodeled GBM. Increased 
mesangial matrix often accompanies these changes; however, the 
finding of electron-dense deposits in subendothelial or mesangial loca- 
tions strongly suggests a secondary form of membranous nephropathy. 
Tubuloreticular inclusions and immune deposits in the tubular base- 
ment membranes are associated with lupus nephritis and do not occur 
in primary (idiopathic) membranous nephropathy. The stage of mem- 
branous nephropathy can be determined based on an ultrastructural 


Figure 4-24. Membranous nephropathy. A, Ultrastructurally the subepithelial deposits 
are electron dense and are present along the outer aspect of the glomerular basement 
membrane. Basement membrane material surrounds the deposits and eventually 
encloses them. B, With resolution, clear spaces remain within the thickened basement 
membrane. 


staging system described by Churg and Ehrenreich” (Table 4-4). The 
clinical usefulness of histologic staging has been questioned for several 
reasons: stage is not correlated with the severity of proteinuria, the glo- 
merular histologic changes may progress without clinical progression, 
and clinical remission may occur without histologic improvement. 


Differential Diagnosis 

Once a diagnosis of membranous nephropathy is made, the possibility 
of a secondary membranous nephropathy should always be consid- 
ered, and a careful search for immune deposits at other locations 
within the glomerulus and for tubuloreticular inclusions should be 
conducted. The presence of “full house” staining on immunofluores- 
cence for IgG, IgA, IgM, C3, and Clq is highly characteristic of lupus 
nephritis. Although subepithelial deposits also occur in acute postin- 
fectious glomerulonephritis, the deposits in this disease are large, and 
more variable in size and distribution than the more uniform deposits 
of membranous nephropathy. In addition, they do not elicit a GBM 
reaction. The significant mesangial and endocapillary proliferation in 
acute postinfectious glomerulonephritis also aids in distinguishing it 
from membranous nephropathy. 


Glomerula 


Table 4-4. Ultrastructural Stages of Membranous Nephropathy 
Stage Distinguishing Features 
Subepithelial deposits with relatively normal GBM 


| Subepithelial deposits contact or are partially embedded in GBM and 
are surrounded by projections of the GBM (spikes/pinholes) 


ll Intramembranous deposits of variable electron density. Usually not 
pure; most are mixed II + Ill 


Vi Irregularly thickened GBM without electron-dense deposits or lacunae 


GBM, glomerular basement membrane. 


Prognosis and Treatment 

Idiopathic membranous nephropathy is a chronic glomerulonephritis 
with a highly variable natural course. Spontaneous remission of the 
nephrotic syndrome occurs in about 30% of patients. Half of the 
remaining two thirds of cases will slowly progress over many years to 
ESRD; in the remainder proteinuria persists but with long-term pres- 
ervation of renal function. Patients who present without nephrotic- 
range proteinuria have an excellent prognosis.” 

Treatment strategies for membranous nephropathy have been con- 
troversial for decades and are still a matter of debate.” ° However, 
there is broad agreement that treatment should be based on algorithms 
that stratify patients according to their risk for disease progression. In 
these algorithms, patients with an excellent prognosis probably do not 
benefit from immunosuppressive therapy and are often treated with 
angiotensin-converting enzyme inhibitors or angiotensin receptor 
antagonists. If hypertension is present, the blood pressure should be 
controlled with antihypertensives. Aggressive immunosuppressive 
regimens are reserved for patients who are at high risk for progression 
to ESRD. The difficulty with this approach lies in the identification of 
patients at risk for disease progression. Adverse prognostic factors at 
presentation include male sex; older age; heavy proteinuria (>10 
g/day); presence of hypertension, decreased renal function, or intersti- 
tial fibrosis; and tubular atrophy on biopsy.” Corticosteroids and 
the cytotoxic drugs chlorambucil and cyclophosphamide are used in 
immunosuppressive treatment regimens. Cyclosporine and mycophe- 
nolate mofetil have also been employed,” as well as two humanized 
monoclonal antibodies: rituximab, a monoclonal antibody against the 
B-cell antigen CD20,'**'® and eculizumab, a monoclonal antibody that 
inhibits cleavage of complement C5 into its proinflammatory compo- 
nents.”*'°° Patients who develop renal vein thrombosis should receive 
appropriate anticoagulation. "0° 

Management of patients with a secondary membranous nephropa- 
thy is focused on the underlying disease. If an underlying infectious or 
neoplastic disease can be successfully treated, the proteinuria is likely 
to resolve over time.” Withdrawal of a drug known to be associated 
with secondary membranous nephropathy typically ameliorates heavy 
proteinuria, but complete resolution of the proteinuria may take many 
months or even years.'”'"° 


IgA Nephropathy 

Incidence and Demographics 

IgA nephropathy was first described in 1968 by Berger and Hinglais 
in France, and for many decades has been referred to as Berger's 
disease.''''"* The disease, caused by deposition of IgA immune 
complexes in the glomerular mesangium, is the prototype of a mesan- 
gioproliferative glomerulonephritis. Today IgA nephropathy is recog- 
nized as the most common glomerulonephritis around the globe. The 
incidence of IgA nephropathy varies greatly among populations and 
racial or ethnic groups. The disease is frequent in Asian populations 


and in American Indians. It was reported to be rare in African Ameri- 
cans,’ but a more recent study found a similar incidence for blacks 
and whites in Kentucky.’ The incidence of IgA nephropathy in the 
United States is unknown. Biopsy practices also vary among countries, 
populations, and nephrologists. Although a kidney biopsy is necessary 
to establish the diagnosis of IgA nephropathy, in North America many 
patients with incidental microscopic hematuria or mild proteinuria are 
presumed to have IgA nephropathy. They often do not undergo renal 
biopsy unless complicating clinical problems arise, such as rising 
serum creatinine or hypertension. In Japan and other Asian countries, 
on the other hand, school children and young adults are screened for 
renal disease by urinalysis, and otherwise asymptomatic individuals 
are biopsied and diagnosed earlier." IgA nephropathy was once 
called benign recurrent hematuria because it was thought to have an 
indolent clinical course; however, several subsequent clinical studies 
have shown that 15% to 40% of patients develop ESRD,"”""* typically 
after a prolonged clinical course over many years or even decades. 


Etiology and Pathogenesis 

IgA nephropathy is thought to be caused by an abnormal immune 
response to antigens encountered in the upper respiratory or GI tracts; 
however, its precise etiology and pathogenesis remain unknown. Infec- 
tious, dietary, and environmental antigens have been suggested as pos- 
sible etiologic agents." Mucosal surfaces of the upper respiratory and 
the GI tract are continuously exposed to microorganisms and other 
foreign antigens, and IgA antibodies play a crucial role in the mucosal 
immune defense against them. Patients with IgA nephropathy have 
increased levels of circulating IgA and of IgA-containing immune com- 
plexes. IgA-secreting plasma cells are located at these mucosal sites, 
and in IgA nephropathy are found in increased numbers in the bone 
marrow.'” Trafficking of IgA-secreting plasma cells between the 
mucosa-based and bone marrow-based sites of the immune system is 
recognized along a mucosa—bone marrow axis.'7"'” 

IgA nephropathy is mediated by IgA-containing immune deposits 
that accumulate in the glomerular mesangium. But mesangial IgA 
deposits alone do not necessarily cause IgA nephropathy. Non- 
nephritogenic IgA deposits are common in patients with chronic liver 
disease.'** Renal allograft recipients have been reported who inadver- 
tently received transplants containing mesangial IgA deposits,’ and 
these deposits disappeared during the post-transplantation course. 
Complement activation is an important pathogenetic factor in IgA 
nephropathy and probably occurs through the lectin pathway of the 
complement system.” Mesangial complement factor C3 deposits are 
found in almost all biopsies of IgA nephropathy. 

IgA immune deposits form when the glomerular mesangium is 
confronted with overwhelming amounts of circulating IgA. This can 
be due to excess IgA production or to impaired systemic or glomerular 
IgA clearance in the course of an immune response. In addition, pro- 
duction of aberrant IgA molecules can affect the clearance of IgA and 
its immune complexes.” It is not well understood how IgA is cleared 
from the circulation, but the asialoglycoprotein receptor in the liver is 
thought to play an important role. Monocytes and neutrophils express 
the Fc-alpha receptor CD89, which also binds IgA. Catabolic pathways 
for IgA may be impaired in these inflammatory cells. Mesangial cells 
have also been reported to express the hepatic asialoglycoprotein 
receptor, the Fc-alpha receptor CD89, the IgA-binding transferrin 
receptor CD71, and a polymeric IgA receptor.'” 

There are two subclasses of IgA immunoglobulins in the human 
immune system: IgAl and IgA2. Mesangial IgA deposits in IgA 
nephropathy are almost always of the IgA1 subclass. Both IgA sub- 
classes can exist as monomeric or polymeric (usually dimeric) forms, 
and IgA dimers are connected by a J-chain. The major molecular 
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difference between IgA1 and IgA2 is the presence of a hinge region in 
IgAl but not IgA2, which is heavily glycosylated. The hinge region 
carries multiple carbohydrate chains that are linked through 
O-glycosylation to the hydroxyl group of serine or threonine. IgA1 
isolated from IgA nephropathy patients is abnormal in these carbohy- 
drate components." ">! The numbers of terminal galactose (and 
possibly of sialic acid) epitopes are decreased in these abnormal car- 
bohydrate chains. Lack of terminal galactose or sialic acid epitopes 
exposes subterminal N-acetyl galactosamine residues and results in 
abnormal immunoglobulin molecules with an altered tertiary struc- 
ture and abnormal charge. Immune complexes that contain these aber- 
rant IgAl molecules may get trapped more easily in the mesangial 
matrix. A very different hypothesis for the pathogenesis of IgA 
nephropathy proposed that aberrant IgA1 may serve as an autoantigen 
that initiates an autoimmune response against the abnormally glyco- 
sylated IgA1 molecule.” 

When mesangial cells are exposed to macromolecular IgA in vitro 
they up-regulate expression of extracellular matrix molecules and of 
cell adhesion molecules of the integrin family. They also up-regulate 
expression of proinflammatory cytokines such as interleukin-1, 
interleukin-6, and tumor necrosis factor-alpha (TNF-@), and of fibro- 
genic growth factors like transforming growth factor-beta. These 
molecules can activate an inflammatory response that stimulates 
mesangial cell proliferation and secretion of fibrogenic extracellular 
matrix molecules. These molecules may provide targets for therapeutic 
intervention in the future.’ 

Rarely, IgA nephropathy occurs in a familial setting. Based on this 
familial clustering and genome-wide linkage analysis the 6q22-23 gene 
locus has been linked to IgA nephropathy. Other studies have 
reported an association of IgA nephropathy with human leukocyte 
antigens (HLA) such as HLA-Bw35 and HLA-DR4, or an association 
with genetic polymorphisms in the angiotensin-converting enzyme 
system. "= 


Clinical Manifestations 

IgA nephropathy typically occurs 1 or 2 days after an upper respiratory 
or GI tract infection. The disease affects individuals of a broad age 
range from childhood to the elderly, but it is most frequent in the third 
decade of life. Children and young adults typically present with recur- 
rent gross hematuria, and patients often describe their urine as brown, 
tea-, or cola-colored. In older adults the clinical presentation is more 
variable. Asymptomatic microscopic hematuria and proteinuria are 
often the first detectable abnormality, but a subset of patients presents 
with more severe renal symptoms such as overt nephrotic syndrome™ 
or acute renal failure. Some patients are biopsied after a chronic rise 
in their serum creatinine levels, presumably due to previously undocu- 
mented IgA nephropathy. When children or young adults present with 
abdominal pain, arthritis, or a skin rash combined with an IgA- 
mediated glomerulonephritis, the diagnosis of Henoch-Schénlein 
purpura (HSP) is made. These extrarenal symptoms are caused by a 
small-vessel vasculitis that is mediated by IgA deposits in small arterial 
vessel walls. The renal biopsy abnormalities in these cases are indistin- 
guishable from isolated IgA nephropathy. Today there is a broad con- 
sensus that IgA nephropathy and HSP are related entities.” 


Histopathology 

IgA nephropathy was first described as a mesangioproliferative glo- 
merulonephritis due to mesangial hypercellularity and the increase 
in mesangial extracellular matrix on light microscopy. But over the 
ensuing decades the glomerular pathologic changes have been recog- 
nized to be more variable. Several different histopathologic patterns 
can occur in IgA nephropathy, and the following glomerular changes 


Box 4-3. Histologic Patterns in IgA Nephropathy 


Normal glomeruli 
Mesangial proliferation 
Segmental proliferation 
Segm clerosis 


are recognized today (Box 4-3): no or minimal glomerular abnor- 
mality, mesangioproliferative glomerulonephritis, endocapillary pro- 
liferative glomerulonephritis (focal or diffuse), focal segmental 
glomerulosclerosis-like (FSGS-like) changes, and diffuse chronic glo- 
merulosclerosis. The frequency of these patterns in clinical series 
depends on the study population and the selection criteria used to 
perform renal biopsies. Although mesangial proliferation was most 
common in many older studies, more recent studies found endocapil- 
lary proliferation to be most frequent.'**'** 

In cases with no or only minimal glomerular abnormalities the 
glomeruli appear normal on light microscopy, or at most have minimal 
expansion of the mesangial matrix. A small subset of biopsies in this 
group has prominent intratubular collections of red blood cells or 
intratubular red cell casts (Fig. 4-25). Mesangioproliferative glomeru- 
lonephritis features increased numbers of mesangial cells and expanded 
extracellular matrix surrounding these cells (Fig. 4-26). More than 
three (i.e., at least four) mesangial cells in a given mesangial segment 
are considered to represent mesangial hypercellularity on paraffin sec- 
tions 3 to 4 um thick. These changes can be focal or diffuse. When 
large immune deposits are present in the mesangium they may be 
visible on Jones methenamine silver stain or on Masson trichrome 
stain. On the silver stain they appear as light pink deposits surrounded 
by silver-positive extracellular matrix stained black. On the trichrome 
stain they are seen as bright red deposits of fuchsinophilic material. 
Endocapillary proliferative glomerulonephritis is characterized by 
increased numbers of endothelial and mesangial cells in a given glo- 
merular segment (Fig. 4-27) (endocapillary proliferation). Foci of 
hypercellularity are associated with increased deposition of extracel- 
lular matrix, often with obliteration of capillary lumens. This can 
impart an appearance of accentuated lobulation to the glomerular tuft, 
such as that seen in membranoproliferative glomerulonephritis. A 
necrotizing glomerulonephritis can be associated with this pattern 


causing severe glomerular injury and with other causes of glomerular hematuria, such 
as hereditary nephritis and thin glomerular basement membrane nephropathy. 
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mild mesangial hypercellularity (proliferation). The glomeruli in IgA nephropathy can 
range from morphologically normal to mesangial proliferative or segmentally prolifera- 
tive to globally proliferative and crescentic. 


» 4 © 
Figure 4-27. IgA nephropathy. The glomerulus shows mesangial and endocapillary 
proliferation in a pattern resembling membranoproliferative glomerulonephritis. 


(Fig. 4-28), and glomerular tuft necrosis is recognized as foci of fibri- 
noid extracellular material and fragmented nuclei (nuclear dust). Cases 
of necrotizing glomerulonephritis can also have glomeruli with cellular 
crescents (extracapillary proliferation). Cellular crescents are found in 
approximately one third of cases of IgA nephropathy and are almost 
always associated with the endocapillary proliferative pattern. Biopsies 
with a proliferative glomerulonephritis can have overlapping features 
of both mesangial and endocapillary proliferation, and more advanced 
cases often have segmental sclerosis. In cases with the FSGS-like 
pattern the LM changes are indistinguishable from those of primary 
FSGS (Fig. 4-29). Segments of the glomerular tuft have capillary 
lumens that are obliterated by extracellular matrix material (sclerosis) 
and by extravasated plasmalike proteinaceous material (hyalinosis). 
Foci of hyalinosis appear glassy and eosinophilic on H&E stain and 
bright red (fuchsinophilic) on Masson trichrome stain, whereas scle- 
rotic areas are blue or blue-green on Masson trichome stain. Glomeru- 
lar tuft adhesions (synechiae) occur between these abnormal tuft 
segments and Bowman’s capsule. Patients with FSGS-like lesions 
typically present with proteinuria, which can be severe and cause 
the nephrotic syndrome. In cases with severe proteinuria, protein 
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Figure 4-28. Crescentic IgA nephropathy. This glomerulus contains a large cellular 
crescent involving the lower half of the glomerular tuft. The more intact segments show 
mild mesangial hypercellularity. Crescents in IgA nephropathy are more commonly 
associated with systemic disease (Henoch-Schönlein purpura [HSP]). 


ad | 
Figure 4-29. IgA nephropathy with a small segmental sclerosing lesion (right). This 
lesion is most likely secondary to a prior necrotizing/crescentic process that has resolved 
as a segmental scar. Note the mild mesangial proliferation in uninvolved glomerular 
segments. 


reabsorption droplets are commonly found in the cytoplasm of proxi- 
mal tubule epithelial cells. 

Many histologic classification systems have been published for 
IgA nephropathy. Most renal pathologists either use the classification 
by Haas or Lee, or classify IgA nephropathy cases by histologic patterns 
analogous to the World Health Organization classification for lupus 
nephritis.“*"“° A more recent consensus classification (the Oxford 
Classification) was developed by the International IgA Nephro- 
pathy Network and members of the Renal Pathology Society’ '* 
(Table 4-5). 

Pathologic changes in the tubulointerstitial compartment vary with 
the clinical presentation and glomerular abnormalities. Cases with 
hematuria or proliferative glomerulonephritis typically have collec- 
tions of red blood cells or red cell casts in the tubular lumens. In cases 
with severe proteinuria or with the FSGS-like pattern, the proximal 
tubular epithelial cells have protein reabsorption droplets in their 
cytoplasm. Cases with advanced disease have tubular atrophy, 
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Table 4-5. The Oxford Classification of IgA Nephropathy 


Variable Score 


Mesangial hypercellularity MO: >3 cells/mesangial area in <50% of glomeruli 


M1: >3 cells/mesangial area in >50% of glomeruli 


Segmenta S0: absent 
glomerulosclerosis S1: presen 


Endocapillary hypercellularity 0: absent 
E1: presen 


Tubular atrophy/interstitial TO: 0-25% 
fibrosis T1: 26-50% 
T2: >50% 


Adapted from Cattran DC, Coppo R, Cook HT, et al. The Oxford classification of IgA nephropathy: 
rationale, clinicopathological correlations, and classification. Kidney Int. 2009;76(5):534—-545. 


interstitial fibrosis, a chronic inflammatory cell infiltrate, and variable 
arteriolosclerosis. 

Immunofluorescence studies on frozen tissue sections are essential 
to establish the diagnosis of IgA nephropathy; however, staining for 
IgA may also be performed on formalin-fixed, paraffin-embedded 
(FFPE) tissue sections. Granular deposits of IgA in the mesangial areas 
are the defining feature of the disease (Fig. 4-30), and in some cases 
scattered IgA deposits are also found in capillary loops. Co-deposits of 
C3 are present in almost all cases, which indicates activation of the 
complement system, probably through the lectin pathway. Co-deposits 
of IgM and IgG are also common. In IgA nephropathy staining for 
lambda immunoglobulin light chains is typically stronger than kappa 
staining, in contrast to most other primary glomerulonephritides, in 
which kappa tends to be the stronger light chain stain. Clq staining is 
rare in primary IgA nephropathy and, when it is detected in substantial 
amounts, lupus nephritis has to be considered in the differential 
diagnosis. 

Electron microscopy shows electron-dense immune deposits in the 
mesangium, often accompanied by increased mesangial matrix and 
increased numbers of mesangial cells. Deposits are typically present in 
the paramesangial areas (Fig. 4-31), which are located in the reflection 
of the GBM over the mesangium between two individual capillary 


loops. The deposits typically lack a specific substructure at higher 
magnification; however, rarely the deposits may show a lattice-like 
ultrastructure.“ Subepithelial, subendothelial, or intramembranous 
deposits are present in approximately one third of cases and are most 
common in cases with proliferative glomerulonephritis with crescents. 
Deposits in these locations are less abundant and more scattered in 
their distribution than the subepithelial deposits of membranous 
nephropathy or the subendothelial deposits of membranoproliferative 
glomerulonephritis. Effacement of podocyte foot processes is a char- 
acteristic finding in cases with severe proteinuria. Cases of crescentic 
IgA nephropathy can have breaks in the GBM, with extravasation 
of fibrin and formation of cellular crescents in Bowman’s space. 
Some cases of IgA nephropathy have abnormalities of the GBM that 
include thinning or splitting of the lamina densa, and a small subset 
of patients has diffuse thinning of the GBM that resembles thin GBM 
nephropathy. “+$ 


Differential Diagnosis 

The clinical differential diagnosis of IgA nephropathy is broad and 
depends on the clinical presentation and on the glomerular changes 
found on biopsy (Table 4-6). Other diseases that present with hematu- 
ria or the nephritic syndrome include membranoproliferative glomer- 
ulonephritis and postinfectious glomerulonephritis. When proteinuria 
is the presenting symptom, FSGS and membranous nephropathy enter 
into the differential diagnosis. When a crescentic glomerulonephritis 
is present on biopsy, pauci-immune and anti-GBM antibody-mediated 
glomerulonephritis must be excluded. Because IgA nephropathy is 
relatively common, it can coexist with or be superimposed on other 
glomerular diseases such as membranous nephropathy or diabetic glo- 
merulosclerosis. Finally, a diagnosis of IgA nephropathy should not be 
made solely based on the presence of mesangial IgA staining on immu- 
nofluorescence, because this is a common finding in patients with 
chronic liver disease in the absence of signs of glomerular disease.” 


Prognosis and Treatment 

The clinical course of IgA nephropathy is typically chronic and persis- 
tent over many years or decades. Between 15% and 40% of patients 
progress to ESRD, but it is very difficult and often impossible to predict 
the clinical course for an individual patient.’*”'” Several parameters 


Figure 4-30. IgA nephropathy. Mesangial IgA deposits, demonstrated by immunofluorescent staining (A) or by immunohistochemical staining of paraffin-embedded tissue 


(B), are characteristic of IgA nephropathy. 
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lattice-like substructure (B). 


Table 4-6. Differential Diagnosis of Mesangial Proliferative Lesions 
Disease Differentiating Features 


IgA nephropathy Mesangial IgA, IgM, +lgG, C3, kappa, lambda 


Lupus nephritis (class II) “Full-house” IF, TRI by EM 


Incidental or incompletely 
resolved PIGN 


Mesangial C3, subepithelial “humplike” deposits 


IgM nephropathy Mesangial IgM 


C1q nephropathy Mesangial C1q, IgG, IgM, C3; FSGS variant (?) 


EM, electron microscopy; FSGS, focal segmental glomerulosclerosis; IF, immunofluorescence; 
PIGN, postinfectious glomerulonephritis; TRI, tubuloreticular inclusion. 


have been established as risk factors for disease progression, which 
include a reduced glomerular filtration rate, elevated serum creatinine, 
severe proteinuria, hypertension, interstitial fibrosis, and tubular 
atrophy. Most patients are treated with angiotensin-converting enzyme 
inhibitors. Many other approaches to pharmacologic treatment have 
been reported, but data from randomized clinical trials are limited, and 
the efficacy of many drugs remains controversial. Controversial treat- 
ment options include fish oil, corticosteroids, cyclosporine, myco- 
phenolate mofetil, and cyclophosphamide.” '** Some authors have 
advocated tonsillectomy.'’*’ After renal transplantation IgA nephropa- 
thy recurs in 20% to 60% of renal allografts. 6° 


Membranoproliferative Glomerulonephritis 


Historical Background 

The membranoproliferative glomerulonephritides represent diseases 
of diverse and often obscure cause. Of the three subtypes into which 
membranoproliferative glomerulonephritis (MPGN) may be catego- 
rized, the most common type, MPGN type I, has been recognized for 
more than a century. MPGN type I is characterized by a hyperlobulated 
morphologic pattern with immune deposits in the subendothelial 
space and sometimes mesangium. In 1962, Galle described a new 
glomerular disease characterized by electron-dense deposits within the 


lamina densa of the GBM."*' With rare exception, little attention was 
paid to this latter entity until 1975, when Renee Habib'’® published a 
case series and defined them as a MPGN variant, designated MPGN 
type II, or dense deposit disease. Several authors have attempted to 
remove dense deposit disease from the MPGN classification with little 
success to date. Still, a strong case can be made for placing dense 
deposit disease into a clinicopathologic category by itself. MPGN type 
III is extremely uncommon and is similar to MPGN type I, except for 
the added presence of widespread subepithelial deposits.’ Syn- 
onyms include mesangiocapillary glomerulonephritis (MPGN type 1), 
lobular glomerulonephritis, and dense deposit disease (MPGN type II). 


Incidence and Demographics 

Membranoproliferative glomerulonephritis affects individuals of all 
ages, although both types I and II are far more common in children 
between ages 5 and 15 years. Overall, MPGN accounts for approxi- 
mately 4% and 7% of primary renal causes of nephrotic syndrome in 
children and adults, respectively. MPGN type II is rare. It is estimated 
to account for less than 1% of all causes of nephrotic syndrome in 
children and is even rarer in adults.'* 


Clinical Manifestations 

The clinical features of the various types of MPGN are similar. The 
most common presentation is nephrotic syndrome, which occurs in 
more than half of patients; proteinuria is seen in virtually all patients. 
Other frequent signs include recurrent episodes of gross hematuria, 
persistent microscopic hematuria, or acute nephritic syndrome.’® 
Approximately 25% of patients have elevated blood urea nitrogen and 
serum creatinine at the time of presentation. In about half of patients, 
a history of a preceding upper respiratory infection can be elicited. 
Depressed serum complement levels are a common feature of MPGN 
but may not necessarily be noted at presentation. 

Dense deposit disease (MPGN type II) is the result of dysregulation 
of the alternative pathway of the complement cascade and secondary 
persistent complement activation. A recent study using laser capture 
microdissection followed by liquid chromatography and mass spec- 
trometry of glomeruli from patients with MPGN type II showed that 
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the major site of alternative pathway activity is not in the glomeruli but 
is in the fluid phase, and that fluid-phase dysregulation of both the 
alternative pathway and the terminal complement complex contributes 
to the glomerular pathology seen in MPGN type II.’ More than three 
quarters of patients with MPGN type II demonstrate serum C3 
nephritic factor (C3NeF), an autoantibody directed against C3 conver- 
tase (C3bBb), the convertase of the alternative pathway of the comple- 
ment cascade. In more than 50% of patients with MPGN type II, serum 
C3NeF persists throughout the disease course, and its presence is 
nearly always associated with complement activation, as evidenced by 
reduction in CH50 and C3. Because C3NeF is also identified in up to 
one half of people with MPGN types I and III, the definitive diagnosis 
of MPGN type II depends on the ultrastructural demonstration of 
intramembranous dense deposits along the GBM. 

In children, most cases of MPGN are idiopathic, whereas in adults, 
most cases are associated with a defined clinical condition. MPGN 
type I frequently arises in the setting of chronic immune complex 
disease, in which the individual cannot eliminate the foreign antigen 
inciting the immune response. This may account for the association 
of MPGN with chronic hepatitis B infection, hepatitis C infection, 
human immunodeficiency virus infection, bacterial endocarditis, and 
Plasmodium malariae infection (Box 4-4). Other associations include 
cryoglobulinemia, systemic lupus erythematosus, and rheumatoid 
arthritis. "7 


Box 4-4. Causes of Membranoproliferative Glomerulonephritis Pattern 


With Immune Deposits 
Infection-related 
Hepatitis C (cryoglobulinemia) 
Hepatitis B 
Endocarditis 
Visceral abscesses 
Infected ventriculoatrial shunts 
Malaria 
Schistosomiasis 
Mycoplasma 
EBV 
HIV 
Autoimmune diseases 
Systemic lupus erythematosus 
Rheumatoid arthritis 
Sjögren syndrome 
Paraproteinemias 
Cryoglobulinemia 
Waldenström's macroglobulinemia 
Immunotactoid GN 
Fibrillary GN 
Light- or heavy-chain deposition disease 


Without Immune Deposits 
Chronic liver disease 

Cirrhosis 

Alpha,-antitrypsin deficiency 
Thrombotic microangiopathy 

HUS/TTP 

Antiphospholipid antibody syndrome 

Radiation nephritis 

Sickle cell anemia 

Transplant glomerulopathy 
Diabetic nephropathy 


EBV, Epstein-Barr virus; GN, glomerulonephritis; HIV, human immunodeficiency virus; HUS, 
hemolytic-uremic syndrome; TTP, thrombotic thrombocytopenic purpura. 

Adapted from Nakopoulou L. Membranoproliferative glomerulonephritis. Nephrol Dial 
Transplant. 2001;16(suppl 6):7 1-73. 


Histopathology 

The term membranoproliferative glomerulonephritis is a histologic ref- 
erence to the thickened glomerular capillary walls, intense glomerular 
hypercellularity, and increased amounts of mesangial matrix that are 
usually apparent at the LM level. MPGN is classified into three types, 
of which type I is by far the most common. By light microscopy, the 
glomerular lesion of MPGN type I is hypercellular, owing to both the 
influx of circulating leukocytes and intrinsic glomerular cell prolifera- 
tion, leading to accentuated lobular architecture (Fig. 4-32). Thicken- 
ing of the GBM may be focal or diffuse. By silver staining or PAS 
reaction, many thickened GBM areas display a “double contour” or 
“tram track” appearance, resulting from interposition of mesangial 
cells or leukocytes in the capillary wall with subendothelial duplication 
of the basement membrane. Deposits within the glomerular capillary 
lumens or small arterioles (Fig. 4-33) usually indicate deposition of 
cryoglobulin or other paraprotein. Cellular crescents may be seen in 
both MPGN types I and II. IF staining in MPGN type I shows frequent 


Figure 4-32. Membranoproliferative glomerulonephritis. Both glomeruli pictured 
show mesangial and endocapillary proliferation. 


Figure 4-33. Membranoproliferative glomerulonephritis (MPGN). The glomerular 
capillary walls are thickened by subendothelial deposits. Several luminal deposits 
of cryoglobulin (arrows) are present in this example of MPGN secondary to 
cryoglobulinemia. 


Figure 4-34. Immunofluorescent staining for IgG showing subendothelial and mesan- 
gial deposits in membranoproliferative glomerulonephritis type |. 
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Figure 4-35. Membranoproliferative glomerulonephritis type | with subendothelial 
electron-dense immune deposits and subendothelial basement membrane 
duplication. 


deposition of IgM, IgG, and C3 in a granular pattern along the glo- 
merular capillary walls (Fig. 4-34). Electron microscopy of MPGN type 
I classically shows endothelial cell detachment resulting in an expanded 
subendothelial space containing discrete electron-dense deposits (Fig. 
4-35). A new and often irregular basement membrane is often present 
underlying the displaced endothelium. 

In contrast to the more uniform appearance from case to case in 
MPGN type I, dense deposit disease (MPGN type II) may show a 
variety of different glomerular alterations, including pure mesangial 
hypercellularity, changes resembling membranous nephropathy, 
lobular glomerulonephritis identical to that of MPGN type I, or focal 
and segmental necrotizing glomerulonephritis. By light microscopy, 
interrupted linear deposits within the GBM produce an eosinophilic 
and refractile-appearing capillary wall, which stains brightly with PAS 
and is weakly stained on the silver stain (Fig. 4-36). Similar deposits 
are often present in the mesangial matrix, along the basement mem- 
branes of Bowman's capsule, along tubular basement membranes, and 
around small vessels. The characteristic finding by IF staining in 
MPGN type II is intense deposition of C3 along the glomerular 
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Figure 4-36. Dense deposit disease. The intramembranous deposits are strongly 
periodic acid-Schiff positive (A) and generally only weakly stained with the silver 
stain (B). 


capillary walls in a ribbon-like pattern and in the mesangial regions as 
coarse granules or spherules (Fig. 4-37). A double-contour, linear 
“tram track” is apparent along capillary walls, with “rings” around 
mesangial deposits. Staining for immunoglobulins is generally lacking. 
The electron-dense deposits associated with MPGN type II are distrib- 
uted in a segmental, discontinuous, or confluent pattern in the lamina 
densa of the GBM (Fig. 4-38). 

Two variants of MPGN type III have been described. The more 
familiar of the two, described by Burkholder in 1970, is a lesion with 
mixed MPGN type I features along with subepithelial deposits, as seen 
in classical membranous nephropathy.'” The clinical features are 
similar to those of MPGN type I and as such separation is not neces- 
sarily of clinical importance as long as a secondary cause such as lupus 
nephritis is excluded. The second variant is also characterized by both 
subendothelial and subepithelial deposits; however, the deposits are 
often large, extending through the lamina densa of the basement mem- 
brane.'”° Multilayering of the basement membrane may be present. The 
clinical expression and course of MPGN type HI are similar to those 
of MPGN type I. 
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Figure 4-37. Dense deposit disease. Immunofluorescent staining for C3 demonstrat- 
ing bright ribbon-like capillary wall positivity and granular mesangial staining. 


p z Ata As PN f. Cad Oye A 
Figure 4-38. Dense deposit disease. Interrupted intramembranous electron-dense 
deposits expand the glomerular basement membrane (arrows). Similar deposits are 
present within the mesangium and may also be seen along tubular basement mem- 
branes and Bowman's capsule. 


Differential Diagnosis 

The LM finding of a hypercellular, lobulated glomerulus with an 
increase in mesangial matrix should be most suggestive of a diagnosis 
of MPGN; however. other entities that may appear histologically 
similar include postinfectious glomerulonephritis, diffuse proliferative 
lupus nephritis, chronicthrombotic microangiopathy, paraproteinemia- 
related disease, fibrillary glomerulonephritis, and immunotactoid 
glomerulonephritis (Table 4-7). Clinical data, serologic studies, IF 
staining, and electron microscopy will aid in differentiating among 
these disorders. 

Once a diagnosis of MPGN is established, a search for secondary 
etiologies should commence. Bacterial infection should be suspected 
in the presence of fever or ventriculoatrial shunts. Chronic infection 
with hepatitis C or B viruses or HIV should be ruled out serologically. 
The finding of absent CH50 is highly suggestive of a hereditary defi- 
ciency in a complement component. 


Prognosis and Treatment 

The renal outcome in patients with idiopathic MPGN type I is poor, 
with a 10-year renal survival of 32% to 40% and only 5% to 7.6% of 
patients achieving remission.” Numerous therapeutic regimens have 


Table 4-7. Differential Diagnosis of Diffuse Proliferative Glomerulonephritis 
Disease Differentiating Features 


Membranoproliferative 
glomerulonephritis 


esangial and subendothelial deposits with 
GBM duplication 

omerular involvement may be variable 

gG or IgM with light chains (may be 
monoclonal) 


ao 


Lupus nephritis (Class IV-G) esangial and subendothelial deposits with 

GBM duplication 

omerular involvement may be variable 
(>50% of tuft in >50% of glomeruli) 

Usually a few subepithelial deposits 

“Full-house” IF staining 


TRI by E 


O 


Acute postinfectious 
glomerulonephritis 


esangial and endocapillary proliferation 
Capillary wall IgG, C3 predominantly 
esangial and large ("humplike”) 
subepithelial deposits 

No GBM duplication 


IgA nephropathy (uncommon) esangial + capillary wall IgA staining 


ay see organized mesangial deposits by EM 


Immunotactoid glomerulonephritis Microtubules (20-55 nm) by E 


ost are monoclonal IgG 


Fibrillary glomerulonephritis Fibrillary deposits (13-29 nm) 
IgG, C3 common by IF (smudgy 
pseudolinear) 


Polyclonal light chains 


fo} 


EM, electron microscopy; GBM, glomerular basement membrane; IF, immunofluorescence; TRI, 
tubuloreticular inclusions. 


been tried, including the use of corticosteroids and other immunosup- 
pressants, anticoagulants and antithrombolytics, and plasmapheresis. 
The use of steroids in children has been reported to improve renal 
outcomes, but data in adults is less compelling.” In adults, initial 
treatment focuses on identifying the etiology, if possible, and on 
general supportive measures to reduce proteinuria and control blood 
pressure. 

At this time, there is no universally effective treatment for MPGN 
type II. In children with MPGN types I and III, long-term controlled 
studies of prednisone therapy have suggested a possible benefit as 
measured by a decrease in proteinuria and prolonged renal survival.'” 
Spontaneous remissions of MPGN type II are uncommon. The more 
common outcome is chronic deterioration of renal function, leading 
to ESRD in approximately half of patients within 10 years of diagno- 
sis.” In some patients, rapid fluctuations in proteinuria occur with 
episodes of acute renal deterioration in the absence of obvious trigger- 
ing events; in others, the disease remains stable for years despite per- 
sistent proteinuria. Recurrence of MPGN type II is nearly 100% in the 
renal allograft after transplantation. 


Acute Postinfectious Glomerulonephritis 


Incidence and Demographics 

Acute poststreptococcal glomerulonephritis is by far the most common 
and most well-characterized type of postinfectious glomerulonephri- 
tis. In the typical scenario a child presents with hematuria, oliguria, 
and edema 3 weeks after a streptococcal pharyngitis. The glomerulo- 
nephritis typically occurs after the infection has subsided (hence 
postinfectious) and is caused by an abnormal immune response trig- 
gered by the microorganisms. The incidence of acute poststreptococcal 
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glomerulonephritis has declined dramatically in the industrialized 
world, where standards of living and public hygiene are high, and 
with earlier recognition and more effective treatment of bacterial infec- 
tions. But in developing countries the incidence continues to be high. 
Postinfectious glomerulonephritis can occur in association with a 
broad range of infectious diseases caused by bacteria, viruses, and 
parasites. '*"'** 

During and since the 18th century physicians, including Richard 
Bright, recognized that a kidney disease presenting with edema, hema- 
turia, and oliguria occurred in patients recovering from scarlatina and 
made a connection between the two diseases. The renal disease was 
then referred to as Bright's disease. Later, the connection between the 
glomerulonephritis and group A streptococci became clear, and strains 
of streptococci that cause kidney disease were differentiated from those 
that do not. Innumerable population-based, clinical, and laboratory 
studies have collected a wealth of knowledge about this disease, but 
many important questions about its pathogenesis remain unanswered. 
As such, it is unclear why certain individuals develop a postinfectious 
glomerulonephritis, whereas most others do not. The search for neph- 
ritogenic streptococcal antigens and their role in the molecular patho- 
genesis of the disease is ongoing, and the debate over the role of known 
bacterial antigens in the biology of poststreptococcal glomerulone- 
phritis continues. '®™®? 

Pathologically, poststreptococcal glomerulonephritis is the proto- 
type of an acute exudative glomerulonephritis with influx of acute and 
chronic inflammatory cells into the glomerular tuft in the course of an 
abnormal immune response. Immune complexes are deposited on the 
subepithelial side of the GBM. Although in severe cases the glomeru- 
lonephritis can be necrotizing with cellular crescents, in children the 
disease course is typically self-limited with complete recovery in the 
majority of cases. Complete recovery is less common in adults, and 
the risk of persistently impaired renal function is higher, especially if 
the glomerulonephritis is superimposed on another preexisting renal 
disease. Postinfectious glomerulonephritis also occurs as a sequela of 
infections with other microorganisms such as staphylococci and gram- 
negative bacteria. Glomerulonephritis associated with these microor- 
ganisms can occur in immunocompromised adults or patients with 
underlying diabetic nephropathy and hasan unfavorable prognosis. '**"'* 


Etiology and Pathogenesis 

Poststreptococcal glomerulonephritis is caused by certain strains of 
beta-hemolytic group A streptococci. Glomerulonephritis that occurs 
after an upper respiratory infection such as pharyngitis or tonsillitis is 
most often associated with streptococci of the Lancefield M types 1, 2, 
4, and 12. Glomerulonephritis that follows a skin infection such as 
pyoderma or impetigo is typically linked to streptococcal Lancefield M 
types 47, 49, and 57.'*° Attack rates vary considerably depending on 
the individual strain of streptococcus. It is clear that poststreptococcal 
glomerulonephritis is mediated by circulating immune complexes that 
are deposited in the glomerular tuft in a subepithelial location. Immune 
deposits are thought to form by glomerular trapping of immune com- 
plexes, which were preformed in the circulation and contain nephri- 
togenic streptococcal antigens. Activation of the complement system 
occurs through the alternative pathway and possibly the lectin 
pathway.'*° The inflammatory infiltrate in the glomerular tuft contains 
neutrophils and, in early biopsies, macrophages and T helper cells. 
Proinflammatory cytokines and cell adhesion molecules are implicated 
in the pathogenetic process.’*”'** The potential role of many strepto- 
coccal antigens has been investigated, but the debate over a putative 
nephritogenic antigen in poststreptococcal glomerulonephritis contin- 
ues. Many questions concerning the pathogenesis of poststreptococcal 
glomerulonephritis remain unanswered, which is in part due to the 


lack of a suitable animal model for the disease. The exact composition 
of the subepithelial immune complexes remains undefined, and the 
molecular identity of a potential causative streptococcal antigen 
remains unresolved. Some investigators have hypothesized that an 
autoimmune process may be implicated that involves the patient’s own 
IgG, which may be altered by exposure to bacterial neuraminidase 
(sialidase) that enzymatically removes sialic acid residues from the 
carbohydrate component of immunoglobulins to render them 
antigenic.'” 


Clinical Presentation 

Acute poststreptococcal glomerulonephritis is by far most common in 
children and young adults, with a peak age between 5 and 20 years.'” 
It is uncommon in older adults. Males are affected approximately twice 
as often as females. Patients typically present 1 to 3 weeks after an 
upper respiratory infection or 3 to 6 weeks after a skin infection. 
Sudden onset of acute postinfectious glomerulonephritis is character- 
ized by the nephritic syndrome with gross hematuria with dark or 
smoky urine, decreased urine output (oliguria), and an active urine 
sediment with dysmorphic red blood cells, red blood cell casts, and 
white blood cells. Proteinuria is often present but mild, and nephrotic- 
range proteinuria is uncommon. Many patients have peripheral edema 
and mild hypertension that is attributable to sodium and water reten- 
tion. Renal insufficiency is often so mild that serum creatinine levels 
are in the normal range, and it is only detectable by measurement of 
the glomerular filtration rate.'”''”” Young patients who present with the 
characteristic clinical features of uncomplicated acute postinfectious 
glomerulonephritis do not need to undergo renal biopsy. A subset of 
patients present with acute renal failure and the clinical picture of 
rapidly progressive glomerulonephritis. Laboratory testing reveals 
markedly decreased serum complement C3 but not C4 levels, decreased 
levels in the complement function screening test CH50,'” and increased 
titers of antibodies against antistreptococcal antigens.’** Many sero- 
logic tests have been applied to detect antibodies against streptococcal 
antigens, and included antistreptolysin O (ASO), antistreptokinase, 
antihyaluronidase, antideoxyribonuclease B (anti-DNA B), and antini- 
cotyladenine dinucleotidase. ASO and anti-DNA B are probably the 
most commonly performed tests in clinical practice. Some authors 
report that the anti-DNA B test is more useful than the ASO test,'*'"*° 
because the ASO is less frequently elevated than anti-DNA B titer. On 
the other hand, in a recent study from the Sydney Children’s Hospital 
the ASO titer was most frequently abnormal.” 


Histopathology 

Light microscopy reveals an acute exudative and proliferative glomeru- 
lonephritis that typically affects all glomeruli present on biopsy (diffuse 
involvement). Glomeruli appear swollen and are markedly hypercel- 
lular due to infiltration of the glomerular tuft by inflammatory cells 
(Fig. 4-39), most prominently neutrophils (exudative glomerulone- 
phritis). Monocytes, lymphocytes, and sometimes eosinophils are also 
present. Neutrophils are also seen in the lumens of glomerular capil- 
laries and sometimes can be seen adherent to the capillary walls. Swell- 
ing and proliferation of mesangial and endothelial cells (endocapillary 
proliferation) also contribute to the hypercellularity and often lead to 
occlusion of capillary lumens. In some cases immune deposits are 
visible on the subepithelial aspect of the GBM at high magnification 
on trichrome or silver stains. Patients presenting with rapidly progres- 
sive glomerulonephritis and acute renal failure can have glomerular 
tuft necrosis with foci of nuclear debris and fibrin extravasation. 
Cellular crescents may be present in Bowman's space (extracapillary 
proliferation) but usually affect only a small fraction of glomeruli. 
Glomerular pathologic changes typically begin to resolve 1 or 2 months 
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postinfectious glomerulonephritis is characteristically a diffuse exudative glomerulonephritis with numerous glomerular neutrophils. 


after disease onset. The tubulointerstitial compartment shows edema 
and focal collections of inflammatory cells. Interstitial blood vessels are 
usually normal. 

Immunofluorescent microscopy shows granular deposits of IgG 
and complement C3 (Fig. 4-40). Staining for C3 is usually stronger 
than staining for IgG, which may be absent. Three patterns of granular 
staining have been recognized: the starry sky pattern, the garland 
pattern, and the mesangial pattern. These staining patterns can overlap 
so that many cases cannot be placed into one single category. The starry 
sky pattern is found early in the disease course, with discrete granular 
deposits scattered over the glomerular tuft like the stars in the sky. This 
granular staining involves both the capillary walls and the mesangium. 
In the garland pattern, immunostaining is most pronounced in glo- 
merular capillary walls and visible as granules that tend to coalesce and 
therefore appear as bandlike. The mesangial pattern can be found in 
resolving glomerulonephritis, when subepithelial deposits are begin- 
ning to resolve, and the staining is most pronounced over the mesan- 
gial areas. Staining for complement C3 predominates in this pattern, 
with little or no IgG staining. Deposits typically resolve within 6 weeks, 


Figure 4-40. Acute postinfectious glomerulonephritis. Immunofluorescent staining for 
C3 and IgG demonstrate bright granular capillary wall and mesangial positivity. As the 
disease resolves, staining for IgG lessens and later lesions will show predominantly 
mesangial C3 staining. 


but mesangial deposits in particular can persist for many months or 
sometimes years. When necrotizing and crescentic glomerular damage 
is present, those areas stain with antibodies against fibrin/fibrinogen. 
Stains for C4 and Clq are generally negative. These findings suggest 
activation of the alternative and possibly the lectin pathways but not 
the classical pathway of the complement system. 

The electron-dense immune deposits of poststreptococcal glomer- 
ulonephritis are often referred to as humps and have a very character- 
istic ultrastructural appearance (Fig. 4-41). They are predominantly 
located in subepithelial sites between the GBM and podocytes. The 
deposits are large and circumscribed and extend between the outer 
basement membrane surface and the cytoplasmic membrane of the 
podocytes. The GBM can be attenuated and podocyte foot processes 
effaced in areas of immune complex deposition. Large deposits can 
coalesce and thus impart the garland pattern on IF microscopy. Spikes 
that are typical for membranous glomerulopathy are absent in postin- 
fectious glomerulonephritis. When subepithelial humps are not easily 
seen, the GBM juxtaposed to the mesangium between two individual 
capillary loops should be examined (Fig. 4-42). Besides the more 
prominent subepithelial location, less conspicuous immune deposits 
are present in the mesangium and at subendothelial sites. It is thought 
that the mesangial and subepithelial deposits are important in eliciting 
the glomerular inflammatory response. The subepithelial humps of 
poststreptococcal glomerulonephritis are most prominent early in the 
disease course and resolve within 6 to 8 weeks after disease onset. In 
subsiding glomerulonephritis, the subepithelial humps tend to resolve 
earlier than the mesangial and subepithelial deposits. Neutrophils infil- 
trate the glomerular tuft, can be found in capillary lumens, and are 
sometimes adherent to the capillary wall. Endothelial cells may be 
swollen and can narrow or occlude the capillary lumens. The mesan- 
gium may be hypercellular with increased numbers of mesangial cells 
and inflammatory cells. In the few cases with necrotizing glomerulo- 
nephritis, tuft necrosis can be seen with nuclear debris, strands of 
extravasated fibrin, and cellular crescents in Bowman's space. 


Acute Postinfectious Glomerulonephritis in Adults 

Several recent studies further characterized a subset of adult patients 
with acute postinfectious glomerulonephritis.'**'* In the largest series 
of 86 patients, the mean age was 56 years; 38% of patients were con- 
sidered to be immunocompromised due to diabetes mellitus, malig- 
nancy, alcoholism, AIDS, or intravenous drug abuse. The two most 
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Figure 4-41. Acute postinfectious glomerulonephritis. Ultrastructurally the glomeruli in early disease contain numerous, large, “humplike” subepithelial deposits shown at lower 
magnification (A, arrows) and at higher magnification (B). The deposits are transient and usually do not elicit the formation of basement membrane spikes or basement membrane 


remodeling. 


Figure 4-42. Acute postinfectious glomerulonephritis. Later in the disease the sub- 
epithelial deposits may be scarce; however, it is often possible to detect them at the 
mesangial “waist” between two glomerular capillaries (arrow). 


commonly implicated microorganisms were streptococcus and staphy- 
lococcus, and the most common sites of infection were the upper 
respiratory tract, skin, lung, heart, or endocardium. In most cases 
(72%) renal biopsies showed a diffuse exudative and endocapillary 
proliferative glomerulonephritis, and the remaining cases were focal 
proliferative or mesangioproliferative glomerulonephritides. Among 
patients with underlying diabetic glomerulosclerosis, more than 80% 
progressed to ESRD. Therefore, diabetes mellitus and older age have 
emerged as major risk factors for acute postinfectious glomerulone- 
phritis in adults, with an unfavorable renal outcome in those with 
underlying diabetic nephropathy. A subset of adult patients with 
postinfectious glomerulonephritis has IgA-dominant staining on 


immunofluorescence and is associated with staphylococcus infections. 
All 5 patients in one series had diabetes mellitus with underlying dia- 
betic nephropathy, and in another series 5 of 13 patients were diabetic. 
On biopsy, these patients had an atypical form of acute exudative and 
endocapillary proliferative glomerulonephritis with strong staining for 
IgA in a predominantly mesangial distribution. Therefore, these cases 
have to be carefully distinguished from IgA nephropathy.'**'*° 


Differential Diagnosis 

The diagnosis is straightforward in typical cases when a history of 
preceding streptococcal pharyngitis, tonsillitis, or skin infection is 
present and the clinical presentation is characteristic. Serologic find- 
ings and the glomerular morphologic changes confirm the diagnosis. 
When the disease presents with the clinical picture of a rapidly 
progressive glomerulonephritis and crescents are found on biopsy, 
pauci-immune glomerulonephritis, anti-GBM antibody-mediated 
glomerulonephritis, and MPGN can enter the differential diagnosis. In 
these cases, serologic tests for circulating ANCA or anti-GBM antibod- 
ies are helpful in directing clinical management, even before biopsy 
sections are available for review. LM sections and IF stains usually 
reveal diagnostic features that distinguish these glomerulonephritides 
from each other. IgA nephropathy and lupus nephritis can present with 
the nephritic syndrome and may mimic poststreptococcal glomerulo- 
nephritis, but are usually separable based on characteristic IF findings. 
Atypical cases of postinfectious glomerulonephritis occur, especially in 
older adults or in patients biopsied after the acute phase has resolved, 
or when a postinfectious process is superimposed on another preexist- 
ing renal condition.'"°"”” 


Prognosis and Treatment 

In most children and young adults with poststreptococcal glomerulo- 
nephritis the disease is self-limited, with an excellent prognosis and 
spontaneous recovery in most cases. These patients are treated symp- 
tomatically with supportive care, fluid and sodium restriction, and 
diuretic therapy, and there is no evidence that immunosuppressive 
drugs are beneficial. Recurrences are distinctly uncommon. When an 
acute necrotizing glomerulonephritis is severe with prominent cres- 
cent formation and renal failure, dialysis may be necessary, and corti- 
costeroids or other immunosuppressants are often used. The prognosis 
is worse in older adults in whom the glomerular inflammatory process 
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may persist and glomerulosclerosis and chronic interstitial changes 
may ensue.'”*”” Renal outcome is most unfavorable in older immuno- 
suppressed adults with preexisting diabetic nephropathy, and most of 
these patients progress to ESRD. 
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A number of systemic diseases may be associated with renal disease 
involving all renal compartments. For example, glomerular disease is 
particularly common in diabetes mellitus, paraproteinemia, and sys- 
temic lupus erythematosus (SLE). Although secondary glomerular 
disease is common, it cannot be assumed that the cause of the renal 
dysfunction is secondary to the systemic disease because unrelated 
renal disease can also occur. 

Renal biopsy is indicated in any patient with an unexplained change 
in renal function. It is not uncommon for renal disease to be the initial 
presentation of a systemic disease in which the diagnosis guides further 
testing and management. It is imperative that the pathologist search 
for morphologic clues to a secondary cause of glomerular disease and 
communicate with the nephrologist so that appropriate laboratory 
testing can be performed. 

This chapter provides morphologic clues to help identify those glo- 
merular diseases with a likely systemic cause. 


Glomerular Diseases Associated with 
Systemic Disease 


Diabetic Nephropathy 


Synonyms of diabetic nephropathy include nodular diabetic nephropa- 
thy and diabetic glomerulosclerosis. 


Historical Background 

The description of diabetic nephropathy was credited to Kimmelstiel, 
who coined the term intercapillary glomerulosclerosis' and outlined the 
principle features of the disease: diffuse mesangial (i.e., intercapillary) 
sclerosis, sclerotic glomerular nodules, intraglomerular hyaline accu- 
mulation, and microvascular sclerosis.” ” 


Incidence and Demographics 

Diabetic nephropathy affects individuals with either type 1 (formerly 
called insulin-dependent or juvenile onset) or type 2 (formerly called 
noninsulin-dependent or adult onset) diabetes mellitus.*”° It is now 
the most common single cause of end-stage renal disease (ESRD) in 
the United States and Europe. This relates largely to the facts that (1) 
diabetes, particularly type 2, is increasing in prevalence; (2) diabetic 
patients now live longer; and (3) patients with diabetic ESRD are now 
being accepted for treatment in ESRD programs, where formerly they 
had been excluded. About 20% to 30% of patients with type 1 or type 
2 diabetes mellitus develop evidence of nephropathy, but in type 2 
diabetes a considerably smaller fraction progresses to ESRD.''” 
However, in the United States and Europe, type 2 diabetes is 10 to 15 
times more common than type 1, making the prevalence of type 2 
diabetic nephropathy overall more frequent than that of type 1. There 
is considerable racial/ethnic variability in this regard, with higher risks 
of developing ESRD in Native Americans, Hispanics (especially 
Mexican Americans), and African Americans than in non-Hispanic 
whites with type 2 diabetes.'*"* 


Clinical Manifestations 

The natural history of diabetic nephropathy has been well-defined for 
those with type 1 diabetes and follows five distinct stages. The initial 
stage is marked by renal hypertrophy and hyperfiltration along with an 
elevated glomerular filtration rate (GFR). In the second stage of dia- 
betic nephropathy GFR remains elevated and blood pressure is normal, 
but subtle changes in the kidney are beginning, including increased 
mesangial matrix production. The third stage, representing the incipi- 
ent stage of diabetic nephropathy, is heralded by the onset of microal- 
buminuria (30-500 mg/day of urine albumin excretion). Progressively 
increasing albuminuria is recognized as determining the degree of 
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Table 5-1. Consensus Classification of Diabetic Nephropathy 
Class Description 
| Thickened GBM, >395 nm (F) and >430 nm (M) by EM 


ll Mild mesangial expansion 
Severe mesangial expansion (mesangium > capillary lumen) 


IIl Nodular mesangial sclerosis (at least 1 nodule) 
IV Advanced sclerosis (global sclerosis in >50% of glomeruli) 


F, female; GBM, glomerular basement membrane; M, male; nm, nanometers. 
Adapted from Tervaert TW, Mooyaart AL, Amann K, et al. Pathologic classification of diabetic nephro- 
pathy. J Am Soc Nephrol. 2010;21(4):556-563. 


diabetic renal disease. Hypertension typically does not occur until after 
3 to 4 years of persistent microalbuminuria, unless there is another 
reason. The GFR remains slightly elevated or begins its inevitable 
decline. In addition to a marker of early diabetic nephropathy, albu- 
minuria is also a marker of increased cardiovascular morbidity and 
mortality for those with either type 1 or type 2 diabetes mellitus.” 


Histopathology 

Diabetic nephropathy affects all the renal compartments, including 
the glomeruli, tubules, interstitium, and vasculature. Many of these 
changes are by themselves nonspecific but, when seen collectively, are 
highly suggestive of diabetic nephropathy. A recently proposed glo- 
merular classification of diabetic nephropathy (Table 5-1) includes 
four classes beginning with mild or nonspecific light microscopic (LM) 
changes with glomerular basement membrane (GBM) thickening 
ultrastructurally to advanced disease.” The initial alteration of global 
glomerular enlargement is detectable only via morphometric studies 
and correlates with the clinical phase of microalbuminuria. During this 
phase the degree of albumin secretion is below the threshold of detec- 
tion using urinary dipstick analysis. Inevitable disease progression 
leads to urinary albumin excretion exceeding 500 mg/day. At this 
stage, the major renal changes include thickening of all renal extracel- 
lular basement membranes and mesangial matrix and, to a lesser 
extent, mesangial cell expansion. Mesangial matrix expansion mani- 
fests as diffuse mesangial widening, with or without mesangial hyper- 
cellularity. The lesion of diffuse mesangial sclerosis (Fig. 5-1) is 
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Figure 5-1. Masson trichrome-stained glomerulus showing mesangial sclerosis of 
early diabetic glomerulosclerosis. 
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Figure 5-2. Masson trichrome-stained glomerulus showing prominent nodular 
mesangial sclerosis of established diabetic glomerulosclerosis. 


progressive and may develop into a nodular pattern. The nodular lesion 
of diabetic glomerulosclerosis is well known to the pathologist as the 
Kimmelstiel-Wilson nodule. Kimmelstiel-Wilson nodules vary exten- 
sively within a given case, in a segmental and focal distribution. The 
expansive nodule of accrued acellular matrix compresses the periph- 
eral glomerular capillaries (Fig. 5-2). The matrix itself may appear solid 
or slightly laminated, and stains positively with the periodic acid- 
Schiff (PAS) stain. Nodules are distributed randomly, and usually only 
one or two are present within a single glomerulus. The Kimmelstiel- 
Wilson nodule is said to be a lesion of long-standing diabetes, typically 
absent within the first 15 years after the onset of clinical diabetes, but 
occasionally it may be encountered in those without any previously 
documented history of the disease or in those with only a short 
history.” In such cases, it is likely that clinical diabetes has existed for 
some time undetected. 

Related to the process of nodular mesangial sclerosis is the develop- 
ment of capillary microaneurysms (i.e., ballooning out of the glomeru- 
lar capillaries) and mesangiolysis (fraying and focal dissolution of 
mesangial matrix) (Fig. 5-3). These findings are seen in diabetic 


Figure 5-3. Glomerulus with peripheral microaneurysm adjacent to a mesangial 
nodule. Note that the mesangial nodule to the right stains positively (black) in this silver 
stain. 
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Figure 5-4. A characteristic morphologic feature of diabetic glomerulosclerosis is the eosinophilic hyaline capsular drop adherent to Bowman capsule (arrows) in the periodic 


acid-Schiff (A) and silver (B) stained glomeruli. 


nephropathy but are not pathognomonic. Another glomerular 
alteration characteristic of diabetic glomerular injury is diffuse GBM 
thickening. Other lesions include “exudative lesions,’ which consist of 
protein and some lipid accumulations. Such lesions manifest as 
highly eosinophilic globular structures overlying a capillary loop 
(fibrin cap) or along the inner aspect of Bowman's capsule (capsular 
drop) (Fig. 5-4). 

Along with glomerular changes, tubulointerstitial changes develop 
and include mononuclear inflammatory cell infiltrates, interstitial 
fibrosis, and tubular atrophy. Tubular atrophy is manifest by thickening 
and wrinkling of the tubular basement membranes (Fig. 5-5). The 
degree of interstitial fibrosis is known to have prognostic value in 
determining long-term renal function. 

Vascular alterations involve both small- and large-caliber vessels. 
Large muscular arteries show fibrointimal hyperplasia. The hallmark 
of arteriolar disease is the progressive accumulation of hyaline material 
within the wall of both afferent and efferent arterioles; its presence in 
the latter is highly specific for diabetic vascular disease (Fig. 5-6). 

Immunofluorescent (IF) staining may show a characteristic weak 
linear staining of the GBM, Bowman’s capsule, and tubular basement 


Figure 5-5. Tubular atrophy in diabetic glomerulosclerosis. Note the thickened tubular 
basement membranes in this periodic acid—Schiff stain. 


membrane for immunoglobulin G (IgG) and albumin. Fibrin products, 
IgG, and complement have been found in the exudative lesions. 
Although not indicative of immune complex deposition, the presence 
of distinct deposits of immunoglobulin or complement should suggest 
another, or superimposed, disease process. 

The GBM appears thickened ultrastructurally, a feature that can 
manifest itself as early as 2 years after the diagnosis of diabetes. The 
peripheral capillary basement membranes may be twice or greater 
in thickness than normal, most of which is due to an excess of 
lamina densa. The mesangium is also expanded by matrix accumu- 
lation (Fig. 5-7), which may acquire a fibrillary appearance within 
areas of the matrix. If hyaline material is present within fibrin caps 
or capsular drops, it shows a finely granular electron-dense quality. 
Sometimes such material appears within the mesangium, requiring 
caution so that the electron-dense material is not misinterpreted as 
immune complex deposits. Discrete electron-dense immune complex- 
type deposits are absent except in the presence of a superimposed 
immune complex-mediated disease, such as membranous nephro- 
pathy. With disease progression there is evidence of foot process 
effacement. 
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the wall of a small arteriole is easily apparent in this Masson trichrome-stained section. 
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Figure 5-7. Nodular mesangial sclerosis in diabetic glomerulosclerosis. The mesangial 
nodule in the lower right of this electron micrograph is acellular and compresses the 
peripheral capillaries, which have thickened basement membranes. 


Table 5-2. Differential Diagnosis of Nodular Mesangial Sclerosis 


Jones Silver Congo Kappa/ 
Disease PAS Stain Stain Red Lambda 
Nodular diabetic Positive Positive Negative Negative 
glomerulosclerosis 
Idiopathic nodular Positive Positive Negative Negative 
glomerulosclerosis 
Light-chain Positive Negative or Negative Positive 
deposition disease weak 
Amyloidosis Negative Negative Positive Positive* 
(spicules 
positive) 


*Light-chain positivity in AL amyloid (usually lambda). 


Differential Diagnosis 

Nodular mesangial sclerosis indistinguishable from that seen in dia- 
betic nephropathy may be encountered in a number of other disease 
entities, including amyloidosis, monoclonal immunoglobulin deposi- 
tion disease, hypertension, and the metabolic syndrome, and in 
patients who smoke. Obvious clinical clues to a diagnostic possibility 
other than diabetes include a negative history for diabetes mellitus, the 
presence of a paraproteinemia, and a history of smoking in the pres- 
ence or absence of long-standing hypertension. 

Differences in histochemical and IF staining of glomeruli are also 
helpful in the differential diagnosis of nodular mesangial sclerosis 
(Table 5-2). The mesangial nodules of diabetic nephropathy are gener- 
ally PAS- and silver-positive, whereas those of light-chain deposition 
disease (LCDD), while also PAS-positive, show more variable to 
negative staining on the silver stain. Amyloid deposits, in contrast, 
are generally PAS- and silver-negative, although the subepithelial 
“spicules” often seen in amyloid involving the capillary wall are 


silver-positive. Unlike diabetic nephropathy, in which the distribution 
of mesangial nodules is seemingly haphazard, the nodules appear more 
uniformly distributed in LCDD. Amyloid deposition within glomeruli 
may expand the mesangium in a nodular fashion, but it is easily diag- 
nosed by its positive birefringence with polarization of a Congo red 
stain. Light-chain restriction, particularly of kappa, in the glomeruli 
and tubular basement membranes by IF staining suggests LCDD, and 
glomerular or vascular light-chain restriction, particularly of lambda, 
suggests amyloidosis. 

Idiopathic nodular mesangial sclerosis has also been reported in 
patients without diabetes mellitus or paraprotein-related disease. 
Markowitz and associates described 23 patients with idiopathic nodular 
glomerulosclerosis. The patients were older white men with a history 
of long-standing hypertension and smoking who presented with renal 
insufficiency and nephrotic-range proteinuria.” Similar changes may 
also be seen in long-term smokers without hypertension” and in 
patients with metabolic syndrome with impaired glucose tolerance but 
not overt diabetes mellitus.” 


Prognosis and Treatment 

Management begins without delay; much can be done to reduce the 
progression of kidney disease if treated aggressively and early. Treat- 
ment includes initiation of glycemic control, because improvement can 
often reverse the hyperfiltration seen in early diabetic nephropathy. 
The critical role of the renin-angiotensin system in diabetic kidney 
disease is the rationale behind the use of angiotensin-converting 
enzyme (ACE) inhibitors at the onset of microalbuminuria, regardless 
of systemic blood pressure. Beta blockers may be added for optimal 
blood pressure control if necessary. 


Lupus Nephritis 

Incidence and Demographics 

Systemic lupus erythematosus is a chronic, relapsing, inflammatory, 
multisystem disease of connective tissue that is most commonly mani- 
fested by involvement of skin, joints, kidneys, and serosal membranes. 
SLE has a peak age of onset in young women between their late teens 
and early forties. The female-to-male ratio is 9:1, and women of 
African or Asian descent have the greatest risk of developing the 
disease. The frequency of lupus appears to be increasing because 
milder forms of the disease are being recognized. Uramoto and col- 
leagues demonstrated an incidence of 1.51 per 100,000 in a cohort 
studied from 1950 to 1979, and an incidence of 5.56 per 100,000 in a 
cohort from 1980 to 1992. Although there is wide variation in the 
prevalence of lupus worldwide, countries with the highest prevalence 
include Italy (71 per 100,000), Spain (91 per 100,000), Martinique (64.2 
per 100,000), and the Afro-Caribbean population in the United 
Kingdom (159.4 per 100,000).” 


Clinical Manifestations 

Patients with SLE frequently present with a photosensitive skin rash 
and variable involvement of multiple organ systems, including kidneys, 
joints, central nervous system, and cardiovascular system.” It is almost 
always accompanied by the production of autoantibodies that contrib- 
ute directly to the pathologic changes of SLE.” A number of environ- 
mental factors have been implicated in the development or exacerbation 
of SLE symptoms, sunlight being the most commonly cited. Other 
environmental associations include drugs; Epstein-Barr virus; occupa- 
tional exposure to silica, pesticides, and mercury; and hormonal 
factors.” The prevalence of various organ manifestations differs by 
ethnicity and geographically. For instance, African Americans with 
SLE are more likely to have discoid lupus, lupus nephritis, and anti-Sm 
and anti-RNP antibodies, whereas whites are more likely to have 
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Table 5-3. 1982 Revised ACR Criteria for Clinical Diagnosis of SLE* 


Criterion Description 


Malar rash Fixed, erythematosus, malar 
Discoid rash Erythematous with scaling and follicular plugging 
Photosensitivity Rash in reaction to sunlight 
Oral ulcers Painless oral or nasopharyngeal ulceration 
Arthritis Involving two or more peripheral joints 
Serositis Pleuritis 
Pericarditis 
Renal disorder Persistent proteinuria (>0.5 g/day) 


Cellular casts 


Seizures 
Psychosis 


Neurologic disorder 


Hematologic disorder Hemolytic anemia 
Leukopenia 
Lymphopenia 


Thrombocytopenia 


Immunologic disorder Positive LE cell prep 
Anti-DNA 
Anti-Sm 


False-positive serologic test for syphilis 


Antinuclear antibody (ANA) Abnormal ANA in absence of drugs 


*A diagnosis of SLE may be made if four or more criteria are present serially or simultaneously 
during any interval of observation. In 1997 the Diagnostic and Therapeutic Criteria Committee of 
the ACR recommended revisions, including deleting positive LE cell prep and adding positive finding 
of antiphospholipid antibodies. 

ACR, American College of Rheumatology; SLE, systemic lupus erythematosus. 

Adapted from Petri M. Systemic lupus erythematosus: 2006 update. J Clin Rheumatol. 2006; 
12(1):37-40. 


photosensitivity, malar rash, oral ulcers, and antiphospholipid 
antibodies.” 

Criteria for the clinical diagnosis of SLE have been devised. The first 
classification criteria were proposed in 1970,” revised in 1982," and 
revised again in 1997.” The latter revisions incorporated advances in 
serologic testing (antinuclear antibodies [ANA], anti-double-stranded 
DNA antibodies [anti-dsDNA], antiphospholipid antibodies) and 
eliminated outdated test methods. A diagnosis of SLE requires that 4 
of the 11 criteria be present serially or simultaneously during any 
interval of observation” (Table 5-3). 

Cutaneous lupus can present acutely as a photosensitive rash or 
chronically as discoid lupus. The polyarthralgia and polyarthritis of 
SLE typically affects the small joints of the hands and wrists followed 
by larger joints. Serositis in SLE occurs as pleurisy, pericarditis or, 
rarely, as peritonitis. Hematologic manifestations include anemia, leu- 
kopenia, lymphopenia, and thrombocytopenia. Neurologic symptoms 
include cognitive impairment, encephalopathy, seizure, psychosis, 
transverse myelitis, aseptic meningitis, and peripheral neuropathy. 
Patients with antiphospholipid syndrome (APS) have thrombotic epi- 
sodes or pregnancy loss. Manifestations of renal lupus (lupus nephritis) 
include renal impairment, hematuria, and proteinuria.” 

The renal manifestations of SLE can be variable in onset and sever- 
ity; however, they pose a significant risk of morbidity and mortality. 
Clinically, renal involvement may occur at any time during the course 
of disease and may be the initial manifestation of SLE. Clinical features 
of lupus nephritis range from asymptomatic microscopic hematuria 


Table 5-4. ISN/RPS 2003 Classification of Lupus Nephritis 
Class Diagnosis Description 


| Minimal mesangial lupus 
nephritis 


Normal glomeruli by LM, but mesangial 
deposits present 


ll Mesangial proliferative 
lupus nephritis 


Pure mesangial hypercellularity with 
mesangial immune deposits 
Isolated capillary wall deposit(s) by IF or EM 


Ill Focal lupus nephritis Focal, segmental or global lesions involving 
fewer than 50% of all glomeruli 

Further classified into active lesions (A), 
active and chronic lesions (A/C), and 


chronic lesions (C) 


IV Diffuse lupus nephritis Diffuse, segmental or global lesions 
involving 50% or more of all glomeruli 
IV-S: 50% or more of involved glomeruli 
have segmental lesions that involve less 
han half of the glomerular tuft. 

IV-G: 50% or more of involved glomeruli 
have global lesions that involve more 
han half of the glomerular tuft. 


V Membranous lupus May occur in combination with class III or 
nephritis V 
VI Advanced sclerotic lupus 90% or more of the glomeruli are globally 


nephritis sclerosed 


EM, electron microscopy; IF, immunofluorescence; ISN, International Society of Nephrology; LM, light 
microscopy; RPS, Renal Pathology Society. 

Adapted from Weening JJ, D'Agati VD, Schwartz MM, et al. The classification of glomerulonephritis 
in systemic lupus erythematosus revisited. J Am Soc Nephrol. 2004;15(2):241-250. 


and mild proteinuria to nephrotic syndrome or rapidly progressive 
renal failure. The course of disease is characterized by periods of remis- 
sion and exacerbation that may occur unpredictably or be associated 
with clinical flares in extrarenal symptoms of disease. 


Histopathology 
Once renal disease has been identified in a patient with SLE it is impor- 
tant to determine the degree of activity and stage the extent of involve- 
ment. A number of classification systems for lupus nephritis have 
evolved over the years, with the earliest formulated in 1974 under the 
auspices of the World Health Organization (WHO).” This original 
WHO classification system was expanded and refined by the Interna- 
tional Study of Kidney Disease in Children (ISKDC) in 1982** and 
further modified in 1995." A third modification, published in 2004, 
was the result of a collaborative effort by renal pathologists, nephrolo- 
gists, and rheumatologists (Table 5-4). This consensus conference was 
organized by the International Society of Nephrology (ISN) and Renal 
Pathology Society (RPS) and is referred to as the ISN/RPS (2003) clas- 
sification of lupus nephritis.*° 

The primary purpose of classifying lupus nephritis is to ensure that 
treatment matches the severity of disease. It also provides information 
about short- and long-term prognosis, which guides the duration and 
intensity of therapy. Patients with lupus nephritis may have similar 
clinical and laboratory findings but significantly different morphologic 
findings on renal biopsy. The renal biopsy may detect clinically silent 
lupus nephritis in a patient with minimal urinary findings and normal 
renal function, or a superimposed nonlupus nephritis such as minimal 
change disease, thin GBM nephropathy, amyloidosis, or allergic tubu- 
lointerstitial nephritis in a patient who has not shown the expected 
response to therapy.” ° Targeted and effective treatment, guided by 
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renal biopsy findings, has significantly improved renal survival in 
patients with lupus nephritis.*** 


Morphologic Patterns of Glomerular Injury in Lupus Nephritis 

Renal disease in SLE may affect any compartment in the kidney (glom- 
eruli, tubules, interstitium, and vasculature); however, glomerular 
injury is the most common primary manifestation of lupus nephritis 
and forms the basis of the classification systems. Morphologic features 
of glomerular injury with secondary tubulointerstitial or vascular 
findings are discussed first, followed by a discussion of SLE-associated 
tubulointerstitial nephritis and the thrombotic events associated 
with APS. 

In the kidney a number of mechanisms of autoantibody injury may 
be operative. Intrinsic antigens may serve as targets for autoantibody 
binding. Autoantibodies may bind to circulating antigens, forming 
circulating, preformed immune complexes that deposit in the glom- 
eruli, or autoantibodies may bind to antigens deposited in glomeruli 
from the circulation, causing in situ immune complex formation. Sub- 
sequent Fc receptor and complement binding initiates an inflamma- 
tory and cytotoxic reaction that may be directed against podocytes or 
endothelial and mesangial cells. 

The glomerular patterns of injury are related to the site of immune 
complex deposition, their antigenic specificity, their capacity to bind 
and activate complement, and their ability to stimulate a cellular 
inflammatory response.” Immune complex deposition within the 
glomerulus can elicit a response seen morphologically as hypercellular- 
ity or proliferation. The proliferative change can be confined to the 
mesangium or can extend segmentally or globally into glomerular 
capillaries (endocapillary). A third, epithelial pattern results from 
immune complex deposition along the subepithelial aspect of the cap- 
illary wall, producing a nonproliferative capillary wall lesion. Disrup- 
tive lesions of the capillary wall can also occur in lupus nephritis and 
are characterized by an extraglomerular proliferation of cells in the 
form of a crescent with neutrophils and fibrin deposition. A renal 
biopsy from a patient with lupus nephritis may demonstrate predomi- 
nance of a single pattern; however, more than one pattern may coexist 
in a single biopsy. 

Deposition of immune complexes within the mesangium results in 
mesangial proliferation that may be minimal or near normal (Fig. 5-8), 
or may be more prominent, with compromise of the peripheral capil- 
lary lumen (Fig. 5-9). A biopsy with glomeruli showing pure mesangial 
proliferation is classified as ISN/RPS (2003) class I or II, depending 
on the LM degree of mesangial hypercellularity. All classes of lupus 
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Figure 5-8. Lupus nephritis, class Il. This silver-stained glomerulus shows only mild 


mesangial hypercellularity, and immune deposits are confined to the mesangium. 


Figure 5-9. Lupus nephritis, class Il. The mesangium is more expanded and hyper- 
cellular, but no segmental proliferation is present and the immune deposits are 
mesangial. 
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Figure 5-10. Lupus nephritis, class Ill. The glomerulus in this periodic acid—Schiff 
stained section shows mesangial proliferation and expansion as well as segmental 
proliferation and early sclerosis (lower right). 


nephritis show some degree of mesangial proliferation with mesangial 
deposits. Endocapillary (segmental or global) proliferation occurs in 
response to deposition of immune complexes along the subendothelial 
aspect of the GBM. The degree of proliferation may vary and in some 
glomeruli, only subendothelial deposits may be evident without a sig- 
nificant proliferative response. A biopsy with any glomeruli showing 
segmental proliferation is classified as ISN/RPS (2003) class III (Fig. 
5-10). A biopsy with greater than half of the glomeruli showing seg- 
mental or global proliferative lesions is classified as class IV (Fig. 5-11). 
The epithelial pattern of glomerular injury in lupus nephritis is a con- 
sequence of deposition of immune complexes along the subepithelial 
aspect of the glomerular capillary wall with formation of adjacent 
basement membrane spikes. This pattern characterizes membranous 
nephropathy, and the lesion is categorized as ISN/RPS (2003) class V 
(Fig. 5-12). 

Patients can present with any class of lupus nephritis; progression 
from one class to another over the course of disease is not uncommon. 


Figure 5-11. Lupus nephritis, class IV. All of these glomeruli show mesangial prolifera- 
tion as well as variably sized areas of segmental proliferation. Because more than half 
of the glomeruli in the field show segmental proliferation, the lesion is classified as 
class IV. 
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Figure 5-12. Lupus nephritis, class V. The glomerulus in this silver-stained section 
demonstrates subepithelial spikes and pinholes, characteristic of membranous nephrop- 
athy. The presence of mesangial proliferation, mesangial deposits, and endothelial cell 
tubuloreticular inclusions are highly suggestive of lupus nephritis. 


For instance, progression from class II to class III disease occurs in 
20% to 25% of patients, and the overall prevalence of class III disease 
is 25% to 30%. Progression from class III to class IV occurs in more 
than two thirds of patients over 36 months. Patients with class IV lupus 
nephritis frequently demonstrate severe extrarenal manifestations, 
including lupus cerebritis and lupus pneumonitis.“ In the absence of 
significant immunosuppressive therapy, the long-term renal survival 
of patients with class IV disease is poor, with progression to ESRD in 
more than 70% of patients within 5 years.“ Membranous lupus nephri- 
tis, class V, is present in 10% to 20% of biopsies and is associated with 
variable degrees of mesangial and segmental proliferation. The long- 
term renal survival of class V lesions is determined by the degree of 
associated proliferation, with 10-year renal survival of 55% and 20% 
in class V associated with segmental and diffuse proliferative lesions, 
respectively.” 


Figure 5-13. Thrombotic microangiopathy in antiphospholipid syndrome. Note the 
hilar arteriolar thrombus and wall edema with mesangiolysis and glomerular capillary 
ischemic wrinkling. 


Antiphospholipid Syndrome 

Antiphospholipid syndrome is a multisystem autoimmune disorder 
characterized by recurrent arterial and venous thromboses and preg- 
nancy morbidity.” It can occur as an isolated disorder; however, it is 
much more commonly associated with other autoimmune disorders, 
such as SLE.” Antiphospholipid antibodies, essential for the diagnosis, 
are a heterogeneous group of immunoglobulins directed at phospho- 
lipid binding proteins. The two most important antibodies are the 
lupus anticoagulant and anticardiolipin antibodies.” 

‘The prevalence of antiphospholipid antibodies in healthy popula- 
tions is less than 1%, but is slightly more prevalent in older healthy 
populations (up to 5%). It is much more prevalent in autoimmune 
diseases, however, and the IgG antibody has been detected in 24% of 
patients with SLE." 

Renal thrombotic manifestations of APS are well described; 
however, the prognostic implication of the presence of antiphospho- 
lipid antibodies on renal function has only recently been appreciated. 
Renal involvement in APS may be manifested clinically by hyperten- 
sion, renal artery lesions, cortical ischemia and infarction, thrombotic 
microangiopathy, and renal vein thrombosis. Renal thrombotic micro- 
angiopathy is the best known and most characteristic lesion in APS. 
Clinically patients present with hypertension, proteinuria, and renal 
dysfunction.” Renal biopsy findings include glomerular and arterio- 
lar microangiopathic changes with glomerular thrombi, mesangiolysis, 
and segmental or global GBM duplication (Fig. 5-13). Tubular atrophy 
and interstitial fibrosis are common. Ultrastructurally there is duplica- 
tion of the GBM without immune complex deposition unless accom- 
panying lupus nephritis is present.” It is important to recognize the 
glomerular lesions of APS because these patients may require antico- 
agulation as well as immunosuppressive therapy. 


Tubulointerstitial Disease in Lupus Nephritis 

Interstitial inflammatory cell infiltrates are frequently observed in 
biopsies from patients with SLE; the severity of the inflammation 
correlates with the degree of renal damage and is predictive of progres- 
sion to renal insufficiency.” The degree of interstitial inflammation is 
often more severe in biopsies with significant glomerular prolifera- 
tion; however, interstitial inflammation can occur as a predominant 
or isolated phenomenon.“ In many cases the tubulointerstitial 
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Table 5-5. Morphologic Mimics of Lupus Nephritis 


Class Disease Differentiating Features 


Lack of deposits, podocyte foot process 
effacement 
Subepithelial deposits 


Minimal change disease 
Early membranous 
nephropathy 


IgA nephropathy 
Incompletely resolved PIGN 


Mesangial IgA dominant deposits, no TRI 
Mesangial C3, subepithelial “humps,” no 
TRI 


ll FSGS (primary and secondary) Lack of deposits, no TRI 


V MPGN 
Cryoglobulinemic GN 


Lack of “full house” IF staining, no TRI 
Light-chain restriction, structured deposits 


V Idiopathic membranous Lack of mesangial deposits, no TRI 


nephropathy 


FSGS, focal segmental glomerulosclerosis; GN, glomerulonephritis; IF, immunofluorescence; 
IgA, immunoglobulin A; MPGN, membranoproliferative glomerulonephritis; PIGN, postinfectious 
glomerulonephritis; TRI, tubuloreticular inclusions. 


inflammation is associated with granular immune complex deposition 
in peritubular capillary basement membranes, in the interstitium, 
and along the tubular basement membranes.™ Linear tubular base- 
ment membrane staining has also been reported and suggests the 
presence of antitubular basement membrane antibody.” The infiltrat- 
ing interstitial inflammatory cells include T and B lymphocytes and 
macrophages.°°”” 


Differential Diagnosis 

The classes of lupus nephritis described above can morphologically 
mimic several other glomerular diseases (Table 5-5). For instance, the 
mesangial proliferation of class II lupus nephritis can closely resemble 
the proliferative changes of IgA nephropathy and incompletely resolved 
postinfectious glomerulonephritis. Diffuse proliferative lupus nephri- 
tis (class IV) can resemble membranoproliferative glomerulonephritis 
(MPGN), and membranous lupus nephritis should be differentiated 
from idiopathic membranous nephropathy. Helpful features allowing 
a more confident diagnosis of lupus nephritis include a “full-house” 
staining pattern with all immunoglobulin and complement compo- 
nents by immunofluorescence, the presence of mesangial deposits in 
membranous nephropathy, and the presence of endothelial cell tubu- 
loreticular structures by electron microscopy (Fig. 5-14). 

Of course, it is important to remember that a morphologic diagno- 
sis of lupus nephritis can only be made in a patient with clinically 
documented SLE. However, the possibility of lupus nephritis should be 
suggested if the appropriate morphologic findings are present, thus 
guiding further workup. 


Prognosis and Treatment 

The mainstay of treatment for lupus nephritis, particularly diffuse pro- 
liferative lupus nephritis, is high-dose prednisone and cyclophospha- 
mide. Many centers treat with high-dose methylprednisolone and oral 
cyclophosphamide for a few weeks followed by maintenance therapy 
with low-dose prednisone and azathioprine. Other agents used in 
the treatment of lupus nephritis include cyclosporine, mycophenolate 
mofetil (MMF), rituximab, and intravenous immunoglobulin.” 
Patients receiving intravenous cyclophosphamide had a 95% 10-year 
renal survival compared with patients receiving oral prednisone alone, 
who had a 35% to 40% 10-year renal survival.” The presence of fibrous 
crescents, interstitial fibrosis, and tubular atrophy on biopsy were asso- 
ciated with progressive disease and increased risk for ESRD. Other 
variables indentified as independent risk factors for progressive disease 
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Figure 5-14. Endothelial cell tubuloreticular inclusions by electron microscopy. When 
present in a glomerulus with mesangial and capillary wall deposits, these structures are 
helpful in suggesting a diagnosis of lupus nephritis. 


include hypocomplementemia, hypertension, and persistent anemia.“ 
Patients of African ancestry also had an increased risk for ESRD and 
had more refractory disease. African-American and white patients 
receiving identical induction therapy had a 5-year renal survival of 
95% and 57%, respectively. These differences were independent 
of duration of lupus, age, control of hypertension, or access to 
medical care.” 


Paraprotein-Associated Renal Diseases 


This section addresses those conditions that occur secondary to abnor- 
mal proteins (immunoglobulin or light chain) that deposit extracel- 
lularly in the kidney, thereby disrupting function and inciting disease. 
These diseases include amyloidosis, monoclonal immunoglobulin 
deposition disease (MIDD), and other extremely rare plasma cell 
dyscrasia-related glomerulopathies. 


Amyloidosis 


The amyloidoses are a heterogeneous group of disorders that share the 
formation of a misfolded amyloidogenic precursor protein that self- 
aggregates in a highly ordered manner, forming insoluble fibrils.”’” 
These fibrils deposit extracellularly in a variety of tissues, leading to 
progressive organ insufficiency. The classification of the amyloidoses is 
based on the precursor protein; the major forms include immuno- 
globulin light chain (AL), immunoglobulin heavy chain (AH), amyloid 
A (AA), the hereditary amyloidoses, senile systemic amyloidosis, and 
B.-microglobulin (Bam) amyloidosis.””* In AL amyloidosis, an immu- 
noglobulin light chain or light-chain fragment produced by clonal 
plasma cells deposits in tissue as amyloid. Any organ except the brain 
is a potential site of AL amyloid deposition, with the kidney affected 
in about half the cases.” AA amyloidosis develops in the setting of 
chronic inflammation from a precursor protein synthesized by the liver 
as an acute-phase reactant. Rheumatoid arthritis, familial Mediterra- 
nean fever, inflammatory bowel disease, and chronic infections are 
most frequently responsible for this type of amyloidosis.” ® In the 
familial form, an inherited gene mutation renders a protein amyloido- 
genic, resulting in disease in adulthood.*'® B,m amyloidosis is also 
known as dialysis-related amyloidosis.’ A more recently described 
form of amyloidosis composed of leukocyte chemotactic factor 2 
(LECT2) is characterized by massive amyloid deposits in glomeruli, 
renal interstitium, and vessels.***° 
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Incidence and Demographics 

Renal involvement is frequent in systemic amyloidosis of any type: AL 
(also known as primary amyloidosis), AA (secondary or reactive to 
chronic inflammation), or AF (familial amyloidosis).*’** With the 
advent of widespread antimicrobial utilization, AL amyloidosis has 
become more common than AA amyloidosis. Systemic AL amyloidosis 
is a rare disorder, with an incidence estimated to be 8 per million 
person-years. The median age at diagnosis is 63 years, and only 10% 
of patients are younger than 50 years.” 


Clinical Manifestations 

The clinical features of amyloidosis vary depending on the organ 
affected and the extent of the deposits. The main clinical manifestations 
of amyloidosis at presentation are weakness and weight loss. Approxi- 
mately 30% of patients present with significant albuminuria, whereas 
one third present with cardiac symptoms, including dyspnea on exer- 
tion and findings of diastolic dysfunction and left ventricular hyper- 
trophy withouta history ofhypertension. Liver and GI tract involvement 
may be noted at presentation in 25% of patients, with right upper 
quadrant discomfort, abdominal distention, weight loss, early satiety, 
and GI bleeding. Sensory disturbance and orthostasis result from 
amyloid deposits within autonomic and peripheral nerves. Carpal 
tunnel syndrome, dermal nodules and plaques, and nonhealing skin 
ulcers are other features.”**” 

Renal glomerular involvement by amyloid deposition results in 
proteinuria that may range from subnephrotic to massive with the 
accompanying components of the nephrotic syndrome, including pro- 
found hypoalbuminemia and edema.” The amount of amyloid present 
within glomeruli does not necessarily correlate with the degree of 
proteinuria; minimal amyloid deposition may cause massive protein- 
uria. Rarely, amyloid deposits in the peri-collecting duct tissue, result- 
ing in nephrogenic diabetes insipidus. Amyloid may also be present 
within the walls of arterioles and arteries. The vast majority of those 
with AL amyloidosis harbor circulating monoclonal light chains in the 
peripheral blood, which are most often of the lambda subtype. 


Histopathology 
Amyloid can be deposited anywhere in the kidney, but the glomeruli, 
arterioles/arteries, and interstitium are the preferred targets. Glomeru- 
lar amyloid appears as amorphous, acellular pink material in the 
mesangium on hematoxylin and eosin (H&E) staining and can also 
form mesangial nodules simulating diabetic nephropathy or MIDD 
(Fig. 5-15). Later in the disease course, the capillary loops may also 
acquire amyloid deposits, which may be subendothelial or subepithe- 
lial. Capillary wall amyloid deposits may extend beyond the capillary 
wall as “spicules” (Fig. 5-16). With advanced disease, the entire glom- 
erulus becomes replaced by amyloid deposits (Fig. 5-17), with the 
appearance of sclerosis but lacking in retraction and shrinkage. Unlike 
MIDD, PAS is not strongly positive in amyloid deposits. Likewise, 
amyloid deposits are generally silver negative (Fig. 5-18), unless there 
is subepithelial spicule formation, in which case the spicules are silver 
positive. Congo red staining produces the disease-defining apple green 
birefringence under polarized light (Fig. 5-19), resulting from the 
ordered intercalation of Congo red dye into the amyloid fibrils. 
Except in cases of heavy-chain AH,” IF or immunohistochemical 
studies are usually negative for intact immunoglobulins and comple- 
ment; however, cases of AL amyloidosis show a preponderance of a 
single light chain, most often the lambda isotype (Fig. 5-20). Absence 
of this finding, however, does not entirely exclude the possibility of AL 
amyloidosis, as commercially available reagents do not always detect 
amyloidogenic light chains because of conformational change or frag- 
mentation that conceals the relevant epitopes. In the absence of 


Figure 5-15. Glomerular amyloid deposition. The glomerular amyloid in this hema- 
toxylin and eosin—stained section is predominantly in the upper right and has the 
appearance of a segmental scar. The amyloid is pale and acellular, and there is no 
retraction of the glomerular segment or hyaline deposition. 
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Figure 5-16. Amyloid spicules. The amyloid deposits in this silver-stained glomerulus 
form subepithelial, silver-positive “spicular” structures that extend perpendicularly to 
the capillary wall (arrow). Amyloid spicules tend to be silver positive and periodic acid- 
Schiff negative. 


immunoreactivity of tissue amyloid for lambda or kappa light chain, 
evidence for AL amyloidosis is suggested by the presence of a mono- 
clonal immunoglobulin protein in the blood or urine, or clonal plasma 
cells in the bone marrow. Because the quantity of the circulating mono- 
clonal protein is lower in AL amyloidosis than in multiple myeloma, 
immunofixation electrophoresis rather than protein electrophoresis is 
the preferred detection method. Secondary or AA amyloidosis is 
usually suspected when amyloidosis occurs in the setting of an inflam- 
matory disease such as rheumatoid arthritis, inflammatory bowel 
disease, periodic fever syndromes, or chronic osteomyelitis. 

Electron microscopy demonstrates haphazardly distributed non- 
branching fibrils with a diameter of 8 to 10 nanometers, which may be 
up to 1 micrometer in length (Fig. 5-21). The fibrils are present initially 
in the mesangium, but then expand the capillary wall, and eventually 
replace the glomerulus. 

The different types of amyloid are indistinguishable by light micros- 
copy and electron microscopy. Treatment of the tissue slide with 
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Figure 5-17. Glomerular amyloid. The glomerulus in this hematoxylin and eosin— 
stained section shows extensive mesangial and capillary wall amyloid deposition, which 
nearly obliterates the glomerular structure. 
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potassium permanganate may be useful in differentiating between AA 
(secondary amyloid) and other types of amyloid.” Demonstration of 
loss of Congo red affinity after potassium permanganate incubation 
suggests secondary amyloid, whereas deposits of AL amyloid remain 
unchanged by this treatment. Immunohistochemical staining of 
amyloid deposits is also helpful in differentiating AA from AL-type 
amyloid (Fig. 5-22). Direct methods for identifying the amyloidogenic 
protein, such as mass spectrometry**”’ or amino acid sequencing of 
proteins extracted from amyloid deposits, are also available.* 


Differential Diagnosis 

The differential diagnosis of amyloidosis includes diabetic nephropathy 
and MIDD. The Kimmelstiel-Wilson nodules in diabetic nephropathy 
are distributed in a more haphazard manner within a biopsy, whereas 
the nodules of MIDD are uniform, generally affecting all the glomeruli 
relatively equally, with each glomerulus containing two or more nodules. 
Arteriolar hyaline deposition is more prominent in nodular diabetic 
nephropathy; however, it should be distinguished from arteriolar 
amyloid deposition. This is most easily done with the PAS stain, in 
which the amyloid deposits are negative, and with the Congo red stain, 
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Figure 5-18. Glomerular amyloid. The amyloid deposits in this periodic acid-Schiff (PAS) stained glomerulus (A) are pale in comparison with the normal PAS positivity of 
Bowman's capsule and the tubular basement membranes. Amyloid deposits are generally silver negative (B) except in cases with spicule formation. 


Figure 5-19. Arterial amyloid. The amyloid deposits in this artery wall appear orange on the Congo red stain (A), but appear green (“apple-green”) when viewed with polarized 


light (B). 
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Figure 5-20. Lambda-positive glomerular amyloid deposits. This glomerulus stained 
with anti-lambda and viewed using immunofluorescence shows positive staining indica- 
tive of lambda light chain—associated amyloid, which is usually seen in AL-type 
amyloidosis. 


magnification image contains pale, homogeneous deposits within the mesangium and 
capillary wall. B, At higher magnification, the amyloid deposits are composed of numer- 
ous, haphazardly arranged fibrils that are generally 8 to 10 nm in diameter. 
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Figure 5-22. Immunohistochemical staining of amyloid deposits. Inmunohistochemi- 
cal staining using antibody to serum amyloid P (SAP) and serum amyloid A (SAA) can 
be performed on paraffin-embedded tissue sections to assist in the differentiation of 
primary (AL) from secondary (AA) amyloid. The stains for SAP (A) and for SAA (B) are 
positive in the amyloid deposits in this glomerulus. 


which demonstrates positive birefringence on polarization of the arte- 
riolar amyloid deposits. The thickened tubular basement membranes in 
MIDD may be misinterpreted as tubular atrophy, but the brightly 
refractile quality of the basement membranes on the PAS stain is more 
suggestive of of MIDD. The mesangial nodules of MIDD and diabetic 
nephropathy are both PAS positive; however, they are generally silver 
negative in MIDD. Amyloid deposits are generally PAS and silver nega- 
tive; however, they may on occasion show staining with the silver stain, 
particularly when subepithelial spicules are present (see Table 5-2). The 
Congo red stain is helpful in establishing a diagnosis of amyloidosis, as 
is the EM presence of fibrils in amyloid or granular tubular basement 
membrane and glomerular deposits in MIDD. Likewise, basement 
membrane staining for a dominant light chain or light and heavy chain 
by IF staining easily differentiates diabetic nephropathy from MIDD. 


Prognosis and Treatment 

Amyloidosis had been considered to be an incurable disease, but 
during the past decade several therapeutic approaches have been 
employed. In the pre-stem cell transplant era, less than 5% of all AL 
amyloidosis patients survived 10 years or more from diagnosis. Today, 
the use of intravenous melphalan accompanied by autologous 
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peripheral blood stem cell transplantation for AL amyloidosis and liver 
transplantation for hereditary familial transthyretin-type amyloidosis 
are being employed for some patients, with improved outcomes.”*”* 
The prognosis remains extremely poor for those with amyloid-related 
congestive heart failure, with a median survival of 4 months. 


Monoclonal Immunoglobulin Deposition Disease 


Nonamyloidotic MIDD includes three subtypes: light-chain deposition 
disease (LCDD), light- and heavy-chain deposition disease (LHCDD), 
and heavy-chain deposition disease (HCDD). LCDD is the most preva- 
lent among these three; in one series, it represented 19% of 118 renal 
biopsies from individuals with multiple myeloma.” The original rec- 
ognition of immunoglobulin light chains as the precursor of both 
amyloidosis and LCDD has further evolved with the discovery that 
some heavy chains can produce amyloidosis (designated as AH)” and 
that the deposits may be composed of immunoglobulin heavy-chain 
fragments, either as a major component (LHCDD) or as a singular 
component (HCDD). To encompass all these forms of monoclonal 
immunoglobulin-related tissue deposition under a single rubric, the 
designation monoclonal immunoglobulin deposition disease has been 
accepted, with LCDD, LHCDD, and HCDD as subtypes.” ”* 


Incidence and Demographics 

MIDD typically presents in the sixth decade, with a male-to-female 
ratio of 4:1. It arises as a complication of multiple myeloma or other 
plasma cell dyscrasias.”° 


Clinical Manifestations 

The clinical features of MIDD, as in amyloidosis, are dominated by 
proteinuria and renal insufficiency, as well as cardiac manifestations in 
the presence of a dysproteinemia. Patients usually excrete more than 3 
grams of urinary protein daily, with some exhibiting nephrotic syn- 
drome. In those with overt multiple myeloma, acute renal failure 
may develop.””” Peripheral neuropathy related to MIDD has been 
noted in a minority of patients. Serum and urine protein electropho- 
resis, immunofixation electrophoresis, and quantitative determination 
of serum free light chains remain the mainstay for identifying and 
immunotyping monoclonal proteins’**'”’; however, renal biopsy is nec- 
essary to determine the specific cause of renal dysfunction. 


Histopathology 
Like amyloid, MIDD can involve multiple compartments within the 
kidney, often with more conspicuous tubular damage relative to the 
glomerular alterations.” Renal tubules show eosinophilic, PAS-positive 
ribbon-like material along the outer tubular basement membranes. In 
advanced stages, marked interstitial fibrosis ensues. The glomerular 
alterations vary in appearance from case to case, and range from 
minimal glomerular abnormalities to diffuse and nodular mesangial 
sclerosis, the latter representing the most common pattern (Fig. 5-23). 
In LCDD, the light-chain deposits are distributed uniformly 
along the glomerular and tubular basement membranes. Deposition of 
light chains stimulates collagen production and other extracellular 
matrix components, resulting in more intense PAS staining than in 


Figure 5-23. Monoclonal immunoglobulin deposition disease. The light microscopic 


# appearance of glomeruli is variable. The glomeruli may show diffuse mesangial scle- 


rosis (A) or segmental or global nodular mesangial expansion (B). The mesangial 
regions are periodic acid—Schiff positive (A and B), but are only weakly stained or are 
negative on the silver stain (C). 


Figure 5-24. Light-chain deposition disease. This frozen section stained with antibody 
to kappa light chain shows bright staining of the glomerulus (center) and the tubular 
basement membranes. 


amyloidosis. Diagnosis is made by immunofluorescence, which dem- 
onstrates linear staining along basement membranes for monotypic 
light chains, usually kappa (Fig. 5-24). Lambda light-chain staining 
occurs less frequently; heavy- and light-chain staining even less often, 
and deposits containing isolated heavy-chain determinants only rarely. 
The mesangium may also show immunoreactivity, but sometimes the 
glomeruli are entirely negative.” 

Ultrastructurally, the deposits in LCDD, LHCDD, and HCDD are 
similar. Finely or coarsely granular discrete electron-dense deposits are 
present along the outer aspect of the tubular basement membranes 
(Fig. 5-25). When involved, the glomeruli show electron-dense mate- 
rial in the mesangial nodules and along the endothelial aspect of the 
GBM (Fig. 5-26). In some cases discrete deposits are not identified in 
glomeruli but are prominent in tubular basement membranes, and 
occasionally light-chain deposits are detected only on IF studies. Occa- 
sionally, Bowman's capsule or arterioles will show dense deposits. Rare 
cases of LHCDD exhibit bulky deposits resembling those in immune 
complex diseases. 


Differential Diagnosis 

The subtypes of MIDD can be distinguished by their IF staining pattern 
with light- and heavy-chain antibodies. Other disease entities that 
enter into the differential diagnosis of MIDD, as already discussed, 
include amyloidosis and nodular diabetic nephropathy. Distinguishing 
features of these disorders are outlined in Table 5-2. 


Prognosis and Treatment 

The treatment of the various forms of MIDD remains largely based on 
eliminating the clone responsible for the production of the deposited 
protein. Standard chemotherapy with melphalan and prednisone in 
monthly or 6-week courses has been successful in some instances but 
has been found wanting in the same way that conventional therapy has 
been unsuccessful in many patients with multiple myeloma without 
MIDD. A majority of the very small numbers of patients with ESRD 
who have undergone kidney transplantation have shown disease recur- 
rence in the allograft. 

Cryoglobulinemia 

Cryoglobulins, serum immunoglobulins that precipitate at cold tem- 
peratures, are classified into three types (I, IL, and III). Type I cryo- 
globulins are composed of a single monoclonal immunoglobulin, 
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Figure 5-25. Light-chain deposition disease. The tubules in these electron micro- 


graphs (A and B) show deposition of granular, electron-dense light-chain material along 
the tubular basement membrane (arrows). 


usually an IgM paraprotein, and are frequently associated with 
myeloma or Waldenstrém’s macroglobulinemia. Type II cryoglobulins 
are composed of a polyclonal immunoglobulin (usually IgG) and a 
monoclonal immunoglobulin (usually IgM kappa with rheumatoid 
factor activity). Type III cryoglobulins have more than one polyclonal 
immunoglobulin, one of which (usually IgM) has rheumatoid factor 
activity.” Types II and III are referred to as mixed cryoglobulins and 
in most cases are associated with hepatitis C (HCV) infection (Table 
5-6). Mixed cryoglobulinemia syndrome is a consequence of immune 
complex—mediated vasculitis and is characterized by the classic clinical 
triad of purpura, weakness, and arthralgias." 

Blood samples for cryoglobulin determination are collected in a 
tube prewarmed to 37°C and are stored at that temperature until clot- 
ting occurs. The centrifuged serum is refrigerated at 2°C to 4°C for up 
to 7 days and inspected daily for a cryoprecipitate visible at the bottom 
of the test tube. Confirmation that the precipitate is cryoglobulin can 
be done by demonstrating resolubilization with warming or by analyz- 
ing the precipitate by immunofixation electrophoresis to document the 
presence of a monoclonal immunoglobulin.’ In HCV-related cryo- 
globulinemia, the cryoprecipitate contains most of the viral antigens, 
the corresponding antibodies, and HCV-RNA at levels 10 to 1000 times 
greater than in the supernatant.” 


Incidence and Demographics 
It is estimated that more than 170 million people worldwide are chroni- 
cally infected with HCV. In addition to cirrhosis and liver cancers, 


93 


en 


Figure 5-26. Light-chain deposition disease. The glomeruli demonstrate granular light chain deposition in the mesangium (A, arrow) and along the inner aspec 


basement membrane (B, arrows). 


Table 5-6. Types of Cryoglobulinemia and Clinical Associations 


Type Composition Clinical Associations 


Lymphoproliferative 
disorders (MM, WM, 
CLL, B-cell NHL) 


| Single monoclonal 
immunoglobulin (usually IgM) 


Infections (HCV) 

Autoimmune/ 
lymphoproliferative 
disorders 

Rarely “essential” 


ll Polyclonal immunoglobulin 
Mixed (usually IgG) and monoclonal 
cryoglobulinemia immunoglobulin (usually 
IgM-kappa) with RF activity 


Infections (HCV 
Autoimmune/ 
lymphoproliferative 
disorders 
Rarely “essential” 


= 


11—111 Oligoclonal IgM RF or mixture 
Mixed of poly/monoclonal IgM 
cryoglobulinemia 


Infections (HCV) 

More often autoimmune 
disorders 

Rarely “essential” 


Ill Polyclonal mixed lg (all isotypes) 
Mixed with RF activity of one 
cryoglobulinemia polyclonal component 
(usually IgM) 


CLL, chronic lymphocytic lymphoma; HCV, hepatitis C virus; Ig, immunoglobulin; MM, multiple 
myeloma; NHL, non-Hodgkin lymphoma; RF, rheumatoid factor; WM, Waldenstrém’s 
macroglobulinemia. 

Adapted from Tedeschi A, Barate C, Minola E, Morra E. Cryoglobulinemia. Blood Rev. 2007;21(4): 
183-200. 


extrahepatic manifestations of HCV are also relevant and include 
mixed cryoglobulinemia, lymphoproliferative disorders, and kidney 
disease.” The prevalence of HCV infection in patients with mixed 
cryoglobulinemia varies geographically; it ranges from 30% to 96%, 
with higher incidences in Mediterranean countries. Conversely, the 
prevalence of cryoglobulinemia in patients infected with HCV ranges 
from 11% in Israel, to 56% in France, and 59% in Korea“; however, 
only 10% to 27% of patients have clinical signs of the cryoglobulinemia 
syndrome. ™™ Renal involvement is reported in approximately one third 
of patients with cryoglobulinemia.'” 


Clinical Manifestations 
Most patients with HCV-related cryoglobulinemia have either no or 
nonspecific symptoms. The triad of purpura, weakness, and arthralgias 
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is evident in approximately 30% and cryoglobulinemic vasculitis in 
fewer than 10%. Cryoglobulinemic vasculitis, which affects small 
vessels, frequently involves skin, nerves, and kidneys. Among patients 
with cryoglobulinemic vasculitis, most have purpura, weakness, and 
arthralgias; 80% have peripheral neuropathy, 48% have Raynaudď’s phe- 
nomenon, 22% have skin ulcers, and 30% have renal involvement. 
Hypocomplementemia is present with typically depressed levels of 
C4 (11 + 7.7 mg/dL) and normal C3 (100 + 28 mg/dL). Rheumatoid 
factor is present in 98% and B-cell lymphoma in 10%.’ 

Renal signs of cryoglobulinemia include proteinuria and micro- 
scopic hematuria with variable renal insufficiency. Approximately 5% 
of patients may present with oliguric acute renal failure. Most patients 
develop hypertension. 


Histopathology 

A number of glomerular lesions have been reportedly associated with 
HCV infection and include IgA nephropathy, postinfectious glomeru- 
lonephritis, membranous nephropathy, thrombotic microangiopathy, 
focal segmental glomerulosclerosis, and fibrillary/immunotactoid glo- 
merulopathy’”; however, the most common glomerular lesion associ- 
ated with HCV is MPGN, type 1. In the acute lesion, the glomeruli are 
hypercellular with mesangial and endocapillary proliferation resulting 
in lobular accentuation of the tuft. The capillary walls are thickened 
with subendothelial duplication of the basement membrane and 
subendothelial deposits. Glomerular capillary cryoglobulin thrombi 
may also be present (Fig. 5-27), and increased numbers of monocytes 
often accompany the deposits. Chronic lesions are characterized by 
progressive glomerulosclerosis with residual mesangiocapillary fea- 
tures and fewer deposits. Occasionally there are luminal cryoglobulin 
deposits within the glomerular arteriole or small arteries, which may 
be associated with a necrotizing arteritis. The subendothelial and 
capillary luminal cryoglobulin deposits often stain for IgG or IgM 
with variable staining for C3 and Clq (Fig. 5-28). Kappa or lambda 
light-chain restriction may be present, particularly in type II 
cryoglobulinemia. 

Ultrastructurally the presence of subendothelial and luminal 
deposits as well as a few mesangial deposits is confirmed. The deposits 
may rarely show a distinct substructure and contain curved annular- 
tubular structures that are approximately 30 nm in diameter and 
cluster in curvilinear bundles (Fig. 5-29). On cross-section these struc- 
tures have a spokelike pattern.” 
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mononuclear cells, which essentially obliterate the capillary lumina. B, At higher magnification the silver stain demonstrates a few luminal and subendothelial deposits (arrow). 


Figure 5-28. Cryoglobulinemic glomerulonephritis. By immunofluorescence the cryo- 
globulin deposits stain for IgG or IgM, complement, and light chains. Luminal deposits 
may be apparent (arrow). 


Differential Diagnosis 
Connective tissue disorders, particularly Sjögrens syndrome and 
SLE, may be associated with cryoglobulinemia, and HCV-associated 
cryoglobulinemic glomerulonephritis should be distinguished from 
diffuse proliferative lupus nephritis. The morphologic features may be 
identical, including luminal deposits, and clinical and serologic data 
(ANA, anti-dsDNA) are necessary to confirm an immune complex- 
mediated diffuse proliferative glomerulonephritis as lupus nephritis. 
A “full-house” staining pattern for immunoglobulin, complement 
(including Clq), and polyclonal light chains will also assist in the 
diagnosis. If accompanying cryoglobulinemia is suspected, patients 
should also be tested for cryoglobulins and HCV. Type III cryoglobu- 
linemia has been reported in SLE, with a prevalence ranging from 7% 
to 90%." 

Other causes of an MPGN type 1 pattern of injury include 
non-HCV-related chronic lymphoproliferative disorders and chronic 
infection such as endocarditis and chronic shunt infections. Chronic 


thrombotic microangiopathy may resemble MPGN type 1 morpho- 
logically in that there is duplication of the GBM; however, there is no 
immune complex deposition and luminal thrombi are composed of 
fibrin. Laboratory evidence of microangiopathic hemolytic anemia 
(thrombocytopenia, schistocytes, and anemia) will be present in more 
acute cases. 


Prognosis and Treatment 

The cumulative 10-year survival of patients with mixed cryoglo- 
bulinemia is significantly lower than in an age- and sex-matched 
control population, and factors associated with a worse prognosis 
include age greater than 60 years at diagnosis, male gender, and 
renal involvement.'” Because of the etiologic role of HCV in mixed 
cryoglobulinemia, HCV eradication with interferon-o alone or with 
ribavirin is a major treatment strategy. Plasmapheresis is widely used 
in patients with severe manifestations of mixed cryoglobulinemia, 
such as nephropathy, skin ulcers, sensory motor neuropathy, and 
widespread vasculitis. Patients usually receive concomitant immuno- 
suppressive therapy with high-dose corticosteroids or cyclophos- 
phamide to prevent a rebound phenomenon after discontinuation of 
plasmapheresis. 

The long-term outcome of HCV-associated nephropathies has not 
been clearly defined; however, in a recent study involving more than 
470,000 adult veterans, patients with HCV infection were more likely 
to develop ESRD than HCV-seronegative patients (4.3 vs. 3.1 per 1000 
person-years, respectively).'” Likewise, in patients with renal insuffi- 
ciency, the presence of HCV infection was associated with a nearly 
threefold risk of ESRD. In addition to the risk of renal disease progres- 
sion, the overall prognosis for patients with HCV-related renal disease 
is confounded by the high incidence of co-infections and cardiovascu- 
lar disease. 

In addition to antiviral and other immunsuppressive therapy, reno- 
protective therapy aimed at lowering blood pressure and proteinuria, 
such as diuretics and renin-angiotensin system inhibitors, should also 
be utilized to delay the onset of ESRD. 


HIV-Associated Nephropathy 


Historical Background 
HIV-associated nephropathy (HIVAN) is a unique form of collapsing 
focal segmental glomerulosclerosis that occurs in patients with 
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Figure 5-29. Cryoglobulinemic glomerulonephritis. Ultrastructurally the deposits are subendothelial and luminal (A) and have a curvilinear structure at higher magnification (B). 


advanced human immunodeficiency virus (HIV) disease. It was ini- 
tially described by Rao and colleagues, who reported a pattern of 
sclerosing glomerulopathy in HIV-1 seropositive patients in New York 
City. By 2003 HIVAN had become the third leading cause of ESRD 
in African Americans between ages 20 and 64 and the most common 
cause of ESRD in HIV-1 positive individuals." Collapsing focal 
segmental glomerulosclerosis and AIDS-associated nephropathy are 
synonyms. 


Incidence and Demographics 

Renal disease in HIV-infected individuals manifests in a variety of 
disease conditions, including HIV nephropathy, immune complex 
disease, and thrombotic microangiopathy. HIVAN, by far the most 
aggressive, showed a peak in the mid 1990s. In the United States, those 
of African American descent are 12.2 times more likely to develop 
HIVAN than non-African Americans.'” HIVAN has become the third 
leading cause of ESRD in African Americans over age 20. The advent 
of the widespread use of highly active antiretroviral therapy (HAART) 
corresponded with a decline in the incidence of HIVAN, although it 
remains an important cause of ESRD in HIV-infected individuals. 


Clinical Manifestations 

Most patients with HIVAN come to clinical attention with evidence of 
significant proteinuria, often in the nephrotic range, and elevated 
serum creatinine. If untreated, patients with HIVAN will progress to 
ESRD within weeks to months. Although most patients present with 
nephrotic-range proteinuria, edema and hypertension are not usually 
prominent in HIVAN, which may lead to delayed recognition. Symp- 
toms related to uremia, such as fatigue, malaise, and anorexia, may 
easily be attributed to underlying HIV infection. Although some 
patients, usually those with advanced HIV disease, do present with the 
classic features of acute renal failure and nephrotic-range proteinuria, 
others present with clinical signs and symptoms that overlap with a 
number of other diseases. 

Laboratory tests may be useful but cannot establish a definitive 
diagnosis of HIVAN. Most patients with HIVAN have CD4 counts 
below 200 x 10° cells/L, indicative of the more advanced stages of HIV 
disease.''’ Examination of the urine often reveals a bland sediment 
with proteinaceous casts and degenerated renal tubular cells. An active 


urinary sediment with red blood cell casts is useful because it favors a 
diagnosis of glomerulonephritis over HIVAN; however, renal biopsy is 
necessary for definitive diagnosis. The presence of positive serologic 
tests for hepatitis B or C, hypocomplementemia, or positive ANA 
increases the likelihood that a renal disease other than HIVAN is 
present. In patients with HIV and nephrotic-range proteinuria who do 
not have HIVAN on biopsy, the most common causes of proteinuria 
are focal segmental glomerulosclerosis NOS (FSGS), AA-type amyloi- 
dosis, diabetic nephropathy, and MPGN. 


Histopathology 

HIVAN is defined by a constellation of characteristic morphologic 
abnormalities on light microscopy. These features include an unusual 
pattern of FSGS in conjunction with microcystic dilation of tubules. 
The glomeruli show “collapsing” features, and the glomerular tuft is 
cuffed by a prominent rim of hypertrophic and hyperplastic visceral 
epithelial cells, which form pseudocrescents in Bowman's space (Fig. 
5-30). The epithelial cells often contain protein reabsorption droplets 
within the cytoplasm, and mitotic figures may be seen within podo- 
cytes (Fig. 5-31). The dilated tubules are lined by flattened atrophic- 
appearing epithelial cells, with nondilated tubules showing epithelial 
simplification. Proximal convoluted tubules contain prominent protein 
reabsorption droplets. The interstitium shows chronic changes, includ- 
ing fibrosis and scattered lymphocytes (Fig. 5-32). 

The most common IF findings in HIVAN are the presence of 
albumin, IgG, and IgA within the hypertrophic visceral epithelial cells 
overlying collapsed glomerular segments. Segmental coarse granular 
IgM and C3 may be seen in the mesangium or in sclerotic glomerular 
areas, as seen in conventional FSGS. Electron microscopy demon- 
strates wrinkling of the GBM and visceral epithelial cell foot process 
effacement with focal detachment. Visceral epithelial cells contain 
swollen cytoplasm with protein absorption droplets and microvillus 
transformation. The most striking feature is that of tubuloreticular 
inclusions within endothelial cells, which in some cases are numerous 
(Fig. 5-33). 


Differential Diagnosis 
The distinction between heroin-associated nephropathy and HIVAN, 
both diseases largely affecting African American men between ages 18 
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Figure 5-30. Collapsing glomerulopathy nephropathy (HIVAN). The 


glomerulus in this silver-stained section shows capillary collapse and prominence of 


overlying visceral epithelial cells, which contain large, cytoplasmic protein reabsorption 
droplets. 


Figure 5-31. Collapsing glomerulopathy in HIV-associated nephropathy (HIVAN). 
These silver-stained glomeruli (A and B) show prominent capillary collapse and marked 
podocyte prominence with cytoplasmic protein reabsorption droplets and mitotic figures 
(arrows). The global podocyte prominence and cytoplasmic protein reabsorption drop- 
lets and the lack of capillary disruption and fibrin differentiates this lesion from cres- 
centic glomerulonephritis. 
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tubules appear focally dilated with simplified epithelium and luminal casts. Note the 
glomerulus showing collapsing glomerulopathy. 


Figure 5-33. Endothelial cell tubuloreticular inclusions are a common ultrastructural 
feature of HIV-associated nephropathy (HIVAN) (arrow). 


and 45, can be challenging due to overlapping histologic features, but 
there are important differences. In contrast to conventional FSGS and 
heroin-associated FSGS, there are a higher percentage of involved “col- 
lapsed” glomeruli in HIVAN and more significant microcystic tubular 
dilation. Tubuloreticular inclusions are common in the endothelial 
cells of HIVAN and are lacking in other forms of FSGS. The clinical 
course of HIVAN is that of rapidly progressive renal insufficiency, 
usually with no significant hypertension, in contrast to heroin- 
associated nephropathy, a disease marked by notable hypertension and 
a more insidious decline in renal function. 


Prognosis and Treatment 

The natural history of HIVAN is that of rapidly progressive renal 
insufficiency, varying from weeks to months. Mortality rates in 
HIVAN approach 50% at 1 year and 70% at 3 years." Treatment 
options include steroids, ACE inhibitors, and antiretroviral therapy. 
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Although steroids and ACE inhibitors have shown modest success, 
antiretroviral therapy, in particular HAART, has proven especially 
valuable for treating HIVAN.™ ACE inhibitors may not only alleviate 
hypertension, but also theoretically may reduce circulating levels of the 
profibrogenic molecule transforming growth factor-B (TGF-B), as sug- 
gested by animal models, thereby slowing the development of glo- 
merulosclerosis.''° The mechanism by which corticosteroids improve 
HIVAN remains largely unknown but likely involves modulation of 
pro-inflammatory cytokines such as interkeukin-6 and TGE” Several 
suggested mechanisms for the function of HAART include reduction 
of glomerular endothelial and mesangial cell infection rates, as well as 
reduced cytokine release during HIV replication. Although there are 
no trials to assess the therapeutic effect prospectively, retrospective 
analysis argues strongly for the benefits of HAART.'* 


Anti-GBM Antibody—Mediated Disease 


Anti-GBM antibody-mediated glomerulonephritis is a severe acute 
glomerulonephritis and a medical emergency. It is one of the most 
aggressive forms of acute glomerulonephritis, with a high frequency of 
renal insufficiency. The glomerulonephritis is caused by circulating 
antibodies that bind to the 03 chain of type IV collagen in the GBM. 
The disease occurs either as an isolated glomerulonephritis or as Good- 
pasture syndrome, with accompanying pulmonary hemorrhage and 
hemoptysis in 40% to 60% of cases. The incidence of anti-GBM anti- 
body-mediated glomerulonephritis in the United States is 0.5 to 1 
cases per million per year. 


Etiology and Pathogenesis 

The immunopathogenesis of anti-GBM antibody-mediated glomeru- 
lonephritis was elucidated by Lerner and associates in the 1960s.'”” 
Eluates were prepared from affected patient kidneys and injected into 
monkeys. The monkeys developed severe glomerulonephritis, and 
their kidneys showed linear IF staining for IgG, thus providing the first 
evidence that the disease was caused by circulating antibodies against 
a GBM component. Today it is clear that the autoantibodies are 
directed against the noncollagenous-1 domain (NC1) of the a3 chain 
of type IV collagen, designated the Goodpasture antigen. Therefore, 
anti-GBM antibody-mediated glomerulonephritis is one of the few 
human autoimmune diseases for which the autoantigen has been 
defined on a molecular level. The autoantibodies are generally of the 
IgG1 subclass, and only rare cases have autoantibodies of the IgA 
class.'*°'*! Circulating autoantibodies bind to GBMs to form in situ 
immune complexes and damage the basement membrane by comple- 
ment activation. A genetic predisposition to the disease is suggested 
by an association with HLA-DR2. The molecular pathogenesis has 
been reviewed in detail. = 


Clinical Presentation 

Patients with anti-GBM antibody—mediated glomerulonephritis typi- 
cally present with the nephritic syndrome and acute renal failure. 
Hematuria with dysmorphic red cells, proteinuria, and red and white 
cell casts are present on urinalysis, and the serum creatinine is elevated. 
The clinical term rapidly progressive glomerulonephritis (RPGN) is often 
used to describe this presentation regardless of its etiology and patho- 
logic classification. Pulmonary hemorrhage is present in 40% to 60% 
of cases of anti-GBM antibody-mediated disease. Many patients have 
a history of preceding flulike symptoms, and a few patients have a 
history of exposure to hydrocarbon present in organic solvents, or to 
hairspray, paint, gasoline, or herbicides. Anti-GBM antibody-mediated 
disease has a characteristic bimodal age distribution, with a peak in 
males in their teens and twenties, and a second peak dominated by 
females in the sixth to eighth decade. The Goodpasture syndrome as 


Figure 5-34. Anti-glomerular basement membrane (GBM)—mediated necrotizing and 
crescentic glomerulonephritis. The glomeruli in these silver-stained sections show exten- 
sive destruction of the glomerular tuft with crescent formation (A and B). The necrotiz- 
ing process is accompanied by fibrin and neutrophils, and may extend beyond Bowman's 
capsule (B). 


the glomerulonephritis combined with pulmonary hemorrhage is 
more common in young males, particularly those who are cigarette 
smokers. 7°!” 


Histopathology 

Anti-GBM antibody-mediated glomerulonephritis is a necrotizing 
and crescentic glomerulonephritis.'*’”” The autoimmune process 
damages the glomerular capillary walls with formation of holes in the 
GBM. When severe destruction of the glomerular tuft is present, the 
normally continuous line of the GBM is interrupted, which is visible 
on Jones methenamine silver and PAS stains. With even more severe 
damage, entire segments of the capillary tuft are destroyed (Fig. 5-34). 
Fibrinogen and other plasma components extravasate into Bowman’s 
space, and cellular crescents form in the urinary space between the 
damaged glomerular tuft and Bowman's capsule. The crescents are 
composed of proliferating epithelial cells and macrophages, and are 
admixed with fibrin, neutrophils, and cellular debris. Cellular crescents 
are named for the “crescent” or half-moon shape, but they can fill the 
entire circumference of the urinary space. The WHO defines cellular 
crescents as two or more cell layers that partially or completely fill 
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Figure 5-35. Intratubular red blood cells and red blood cell casts in necrotizing and 
crescentic glomerulonephritis with tubular epithelial cell damage. 


Bowman’s space. In the vast majority of cases the glomerular damage 
is so severe in anti-GBM antibody—mediated disease that crescents are 
present in nearly 100% of glomeruli in the renal biopsy.” When the 
basement membrane of Bowman’s capsule ruptures, inflammatory cells 
accumulate in the adjacent tubulointerstitial areas and merge with the 
cellular crescents. Multinucleated giant cells are sometimes present 
within the crescent or the adjacent interstitial infiltrate. 

Tubules often contain red blood cells or intratubular red cell casts 
that can damage tubular epithelial cells and cause acute tubular necro- 
sis with tubular dilation and flattening or necrosis of the lining epithe- 
lial cells (Fig. 5-35). In a subset of cases the anti-GBM autoantibody 
also binds to tubular basement membranes, with more severe tubular 
damage in these cases. Interstitial blood vessels are typically not 
involved by the inflammatory process and lack histologic features of 
vasculitis, unless concomitant antineutrophil cytoplasmic antibody 
(ANCA) disease is present. Over time, glomerular sclerosis develops; 
cellular crescents become increasingly fibrotic and appear as fibrocel- 
lular and then fibrous crescents, and interstitial fibrosis and tubular 
atrophy progress. Most patients with anti-GBM antibody-mediated 
glomerulonephritis are biopsied in the acute phase of the disease; 
however, in some patients the disease is more insidious and chronic 
changes are present in biopsies obtained at clinical presentation. 

Immunofluorescent microscopy shows linear staining of the GBM 
with antibodies against IgG, the hallmark of the disease (Fig. 5-36). In 
well-preserved glomeruli this staining is clean and linear; however, 
when the glomerulus under examination is extensively destroyed, the 
linear IgG staining may not be as readily visible and appears as discon- 
tinuous staining. Less intense and discontinuous or granular staining 
for C3 and IgM are common. In rare cases of IgG anti-GBM antibody- 
mediated disease, strong linear IgA staining is present.'*°'” The stain 
for fibrinogen highlights segments of glomerular tuft necrosis and cel- 
lular crescents that contain fibrin (Fig. 5-37). In occasional cases, IgG 
staining is found on the basement membranes of distal tubules, which 
also express the 03 chain of collagen IV. 

Ultrastructural examination can reveal breaks in the GBM and 
sometimes in the basement membrane of Bowman's capsule. Swelling 
of endothelial cells, mild widening of the GBM with a lucent appear- 
ance, and areas of podocyte foot process effacement are nonspecific 
findings. When tuft necrosis is present, the normal glomerular struc- 
tures are destroyed and replaced by strands or clumps of fibrin 


Figure 5-36. Immunofluorescence staining with antibody to IgG shows bright linear 
staining of the capillary wall in anti-glomerular basement membrane (GBM)—mediated 
necrotizing and crescentic glomerulonephritis. The GBM will also show staining for 
complement and light chains. 


Figure 5-37. Immunofluorescent staining with antibody to fibrinogen shows staining 
of the active necrotizing lesion. 


and occasional admixed inflammatory cells. Cellular crescents are 
visible as accumulations of epithelial cells and macrophages in 
Bowman’s space. Electron-dense immune complex deposits are absent, 
except in those rare cases in which membranous glomerulopathy or 
IgA nephropathy may coexist with anti-GBM antibody-mediated 
glomerulonephritis. 


Differential Diagnosis 

Anti-GBM antibody-mediated glomerulonephritis presents as a 
rapidly progressive glomerulonephritis (RPGN), with the biopsy 
finding of severe necrotizing and crescentic glomerulonephritis. Major 
differential diagnostic considerations include glomerular diseases with 
a similar abrupt clinical presentation of RPGN, such as pauci-immune 
(ANCA-associated) necrotizing and crescentic glomerulonephritis, 
necrotizing and crescentic IgA nephropathy, and severe cases of 
postinfectious glomerulonephritis or MPGN (Table 5-7). Results of 
serologic testing are helpful in the diagnostic evaluation. Circulating 
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Table 5-7. Differential Diagnosis of Necrotizing and Crescentic Glomerulonephritis 
Disease Immunofluorescence 


Anti-GBM 
glomerulonephritis 


Light Microscopy 


Diffuse (>50%), global 
necrotizing/crescentic 
lesions 


Linear capillary wall 
IgG, C3, light chains, 
fibrinogen 


Immune complex— 
mediated NCGN 


Variable mesangial/ Mesangial + capillary 
segmental cellularity, focal wall deposits, + 
and segmental necrotizing fibrinogen 
or crescentic lesions 

Pauci-immune NCGN 


Focal and segmental Negative or nonspecific 


necrotizing or crescentic staining, + 
lesions of varying age, fibrinogen 
normal mesangial 

cellularity 


GBM, glomerular basement membrane; NCGN, necrotizing and crescentic glomerulonephritis. 


anti-GBM antibodies corroborate the diagnosis of anti-GBM antibody- 
mediated glomerulonephritis, whereas serum ANCA are typically 
present in pauci-immune glomerulonephritis. One caveat is that about 
one fourth to one third of patients with anti-GBM antibody-mediated 
glomerulonephritis also have positive ANCA serology.'*° Cases of 
postinfectious glomerulonephritis have positive serologic tests for anti- 
streptolysin O (ASO) and other serologic markers of streptococcal 
infection as well as hypocomplementemia. Positive serologic studies 
for hepatitis C and cryoglobulins may suggest MPGN. 


Prognosis and Treatment 

Anti-GBM antibody-mediated glomerulonephritis is an aggressive 
and potentially life-threatening disease that requires rapid diagnosis 
and intense immunosuppressive therapy. Patients are treated with 
methylprednisolone, cyclophosphamide, and supportive care. Plasma- 
pheresis is beneficial by reducing the levels of circulating autoantibody. 
Typically, patients experience one major episode of the disease, in 
contrast to most other glomerular autoimmune diseases, which have a 
longer clinical course with remissions and relapses. Overall, approxi- 
mately 60% of patients progress to ESRD, 20% recover, and 20% die of 
the disease. Disease severity at clinical presentation is the major predic- 
tor of outcome, as reflected by serum creatinine level and the percent- 
age of glomeruli with crescents on biopsy. Patients who require dialysis 
at presentation have the worst prognosis, with a patient survival of 65% 
after 1 year. 


Pauci-Immune Necrotizing and Crescentic Glomerulonephritis 


Pauci-immune necrotizing and crescentic glomerulonephritis, or 
ANCA-associated glomerulonephritis, is an acute necrotizing glomer- 
ulonephritis caused by circulating autoantibodies called antineutrophil 
cytoplasmic antibodies, first described in 1982,’ and is a form of 
systemic vasculitis (Table 5-8). These autoantibodies are directed 
against enzymes in primary granules of neutrophils and in lysosomes 
of monocytes. The term pauci-immune glomerulonephritis is based on 
the paucity or absence of immune deposits detectable by IF or electron 
microscopy. In 1985 van der Woulde and associates reported the pres- 
ence of autoantibodies against neutrophils and monocytes in granu- 
lomatosis with polyangiitis (formerly Wegeners granulomatosis), 
and in 1988 Ronald Falk and coworkers reported the association of 


Table 5-8. Clinical Classification of Systemic Vasculitis 


Disease Diagnostic Features 

Giant cell Granulomatous arteritis of aorta and major branches, 
(temporal) particularly extracranial branches of carotid artery 
arteritis (i.e., temporal artery). Usually in patients >50 years 


and is often associated with polymyalgia rheumatica 


Takayasu arteritis Granulomatous inflammation of aorta and major 


branches. Usually in patients <50 years 


Classic 
polyarteritis 
nodosa (PAN) 


Necrotizing inflammation of medium-sized or small 
arteries without glomerulonephritis or vasculitis in 
arterioles, capillaries, or venules 


Kawasaki disease Arteritis involving large, medium-sized, and small 
arteries, and associated with mucocutaneous lymph 
node syndrome. Coronary arteries are often 
involved. Aorta and veins may be involved. Usually 


occurs in children 


Granulomatosis 
with polyangiitis 


Granulomatous inflammation involving the respiratory 
tract, and necrotizing vasculitis of small to 
medium-sized vessels. Necrotizing 
glomerulonephritis is common 


Churg-Strauss Eosinophil-rich and granulomatous inflammation 


syndrome involving the respiratory tract. Necrotizing vasculitis 
of small to medium-sized vessels. Associated with 
clinical asthma and eosinophilia 
Microscopic Necrotizing glomerulonephritis with or without 
polyangiitis necrotizing arteritis of small and medium-sized 


arteries. Pulmonary capillaritis often occurs 


Henoch-Schonlein Vasculitis with IgA-dominant immune deposits of small 


purpura vessels. Typically involves skin, gut, and glomeruli 
and is associated with arthralgia or arthritis 
Cutaneous Isolated cutaneous leukocytoclastic angiitis without 
leukocytoclastic systemic vasculitis or glomerulonephritis 
angiitis 


myeloperoxidase-specific serum ANCA autoantibodies with systemic 
vasculitis and necrotizing and crescentic glomerulonephritis.'*’ Today 
the diagnostic terms ANCA-associated glomerulonephritis and pauci- 
immune necrotizing and crescentic glomerulonephritis are used inter- 
changeably. ANCAs are also the cause of pauci-immune small-vessel 
vasculitis, of which microscopic polyangiitis, granulomatosis with 
polyangiitis, and Churg-Strauss syndrome are variants.'** Patients with 
ANCA- associated vasculitis who do not have glomerular disease are 
diagnosed with polyarteritis nodosa, a rare disease compared with 
microscopic polyangiitis. The two major types of ANCA are antimy- 
eloperoxidase antibodies (anti- MPO) and antiproteinase 3 antibodies 
(anti-PR3); however, other antigenic targets have also been recognized, 
particularly lysosomal-associated membrane protein-2 (LAMP-2). 
LAMP-2 is a glycosylated membrane protein contained within neutro- 
phil granules along with PR3 and MPO and was found in 14 of 16 
patients with necrotizing glomerulonephritis.'*’ It has been shown that 
infection with fimbriated bacteria induces autoantibodies to human 
LAMP-2, which bind microvascular endothelium, suggesting a new 
model for pathogenesis of pauci-immune necrotizing and crescentic 
glomerulonephritis and possibly a new therapeutic strategy for the 
disease.'*° 


Clinical Presentation 

Pauci-immune necrotizing and crescentic glomerulonephritis typically 
presents with the clinical picture of the nephritic syndrome and rapidly 
progressive glomerulonephritis. Features of the nephritic syndrome are 
hematuria with dysmorphic red blood cells, red cell casts, and white 
blood cells in the urine, proteinuria, oliguria, and an elevated serum 
creatinine. Some patients present with less severe acute disease, in 
which the serum creatinine may be normal, or with chronic glomeru- 
lonephritis. Serum ANCA titers are elevated in most patients, although 
a minority of cases are ANCA-negative. Approximately 25% to 30% of 
patients with ANCA-positive crescentic glomerulonephritis have a 
positive anti-GBM antibody titer in addition to ANCA. The age range 
of pauci-immune glomerulonephritis at clinical presentation is broad, 
and the disease can occur at any age; however, most patients present 
in their 50s with a mean age of approximately 55 years. Many patients 
report a flulike illness before the onset of renal disease. A minority of 
cases is associated with drugs such as propylthiouracil, penicillamine, 
hydralazine, or minocycline. Approximately 75% of cases of pauci- 
immune necrotizing and crescentic glomerulonephritis have clinical 
evidence of a coexisting systemic small-vessel vasculitis, which can be 
associated with pulmonary hemorrhage and hemoptysis. Some patients 
who present with glomerulonephritis alone may later develop clinical 
signs and symptoms of systemic vasculitis. 17° 


Etiology and Pathogenesis 
Evidence from experimental and clinical research has provided much 
insight into the pathogenesis of ANCA-associated glomerulonephritis 
and vasculitis. Circulating ANCA auto-antibodies and neutrophils 
play a central role in this process. Intravenous injection of anti-MPO 
immunoglobulin into mice can induce a pauci-immune glomerulone- 
phritis and vasculitis. The disease can be prevented when mice are 
depleted of neutrophils before the injection. In rats, ANCA disease can 
be induced by immunizing the animals with human myeloperoxidase. 
Neutrophils and monocytes express myeloperoxidase and proteinase 
3. When incubated with ANCA in vitro, neutrophils and monocytes 
are activated and induced to express pro-inflammatory cytokines and 
reactive oxygen species, which can damage endothelial cells in cell 
culture." 

A novel theory for the pathogenesis of autoimmunity is based on 
a serendipitous observation in patients with PR3-associated ANCA 
vasculitis. ™™! This theory, called the theory of autoantigen comple- 
mentarity, is based on the following hypothesis: The antigen that elicits 
an autoimmune response is not a “normal” human or microbial 
antigen, but is in fact its complementary, or antisense, molecule. 
Patients with ANCA vasculitis were found to have antibodies against 
a peptide derived from the PR3 molecule, but also had antibodies 
against its complementary peptide, which is transcribed from the anti- 
sense DNA strand of PR3. These two antibodies against the “normal” 
PR3 peptide and against the antisense PR3 peptide were an anti- 
idiotypic pair, because one antibody is bound to the antigen-binding 
site of the other. When databases were searched for microbial sequences 
that would resemble the “normal” sense human PR3 molecule, no 
matches were found. But the search for sequences that would resemble 
antisense PR3 resulted in many hits. Therefore, an autoimmune 
response could be triggered by microbial antigens that have the anti- 
sense configuration of the human molecule. Antibodies against this 
antisense peptide then trigger a second immune response with forma- 
tion of antibodies against the antigen-binding sites of the first anti- 
body. The first and second antibodies not only comprise an 
anti-idiotypic pair, but the second antibody also recognizes the human 
PR3 molecule as its antigen and thus initiates autoimmune disease.'*”"° 


Similar molecular mimicry has been implicated in LAMP-2 induced 
disease.'*° 


Histopathology 

Histologically, pauci-immune glomerulonephritis is a focal and seg- 
mental necrotizing glomerulonephritis, with glomerular tuft necrosis 
and crescent formation as the most prominent morphologic findings 
(Fig. 5-38). In areas of tuft necrosis extravasated fibrin is seen as eosin- 
ophilic material on H&E stain and is bright red on the Masson tri- 
chrome stain (Fig. 5-39). Neutrophils are often present in glomerular 
capillaries adjacent to the tuft lesion, as well as nuclear dust or granules 
from neutrophils. Breaks in severely damaged glomerular capillaries 
can be most easily detected with silver methenamine stains. In these 
areas plasma components and inflammatory cells exude into the 
urinary space. Cellular crescents (extracapillary proliferation) form in 
areas of tuft necrosis as a proliferation of parietal epithelial cells and 
macrophages, and with influx of other inflammatory cells. With severe 


Figure 5-38. Necrotizing and crescentic glomerulonephritis, pauci-immune. In this 
silver-stained glomerulus, there is disruption of the capillary wall with fibrin deposition 
and a large cellular crescent (/ower half). 
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Figure 5-39. Necrotizing and crescentic glomerulonephritis, pauci-immune. In this 
Masson trichrome—stained section, the fibrin within the large cellular crescent is bright 


red (right half). 
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Figure 5-40. Necrotizing and crescentic glomerulonephritis, pauci-immune. In this 
Masson trichrome-stained section the necrotizing and crescentic process has disrupted 
Bowman's capsule and extends into the adjacent interstitium. When the process is 
extensive and destructive, it may be difficult to identify any intact glomerular 
structure. 


glomerular damage, breaks can also be found in the parietal basement 
membrane of Bowman's capsule, with extension of fibrin and cellular 
crescents into the periglomerular interstitium (Fig. 5-40). The accom- 
panying inflammatory infiltrate can then blend into the interstitial 
inflammatory infiltrate around a damaged glomerulus. Sometimes 
multinucleated giant cells are found in these areas, and these should 
not be considered as evidence of interstitial granulomatous inflamma- 
tion. Interstitial multinucleated giant cells can also be found in some 
cases of anti-GBM antibody-mediated glomerulonephritis. Over time, 
the damaged glomerular tuft is replaced by segmental sclerosis with 
adhesions to Bowman's capsule or by global glomerulosclerosis. Cel- 
lular crescents are replaced by collagenous matrix and transform into 
fibrocellular crescents and later fibrous crescents.'**'** 

In pauci-immune glomerulonephritis the glomerular lesions in a 
given biopsy are often in different stages of injury, ranging from active 
necrotizing lesions to more chronic lesions with segmental sclerosis 
and fibrocellular and fibrous crescents (Fig. 5-41). Some patients may 
have had clinically silent episodes of glomerulonephritis in the past 
before a biopsy is obtained. The previously damaged glomeruli show 
segmental or global sclerosis, and previously formed cellular crescents 
may have undergone scarring to fibrocellular or fibrous crescents. The 
presence of glomerular lesions in these different temporal stages of 
inflammatory injury in the same biopsy can be an important clue to 
the diagnosis of pauci-immune glomerulonephritis. In other crescentic 
glomerulonephritides, such as anti-GBM antibody—-mediated glomer- 
ulonephritis or postinfectious glomerulonephritis, the glomerular 
lesions are typically in the same temporal phase of injury. 

Necrotizing arteritis is found in 10% to 20% of renal biopsies from 
patients with pauci-immune glomerulonephritis. Lesions of necrotiz- 
ing arteritis can occur in interstitial arteries, arterioles, and the vasa 
recta in the renal medulla (medullary capillaritis). These lesions are 
typically focal and most commonly affect interlobular arteries. Necro- 
tizing arteritis is visible as homogeneous eosinophilic change in the 
vessel wall with an accompanying neutrophilic and inflammatory cell 
infiltrate (Fig. 5-42). The vascular lumen can be severely narrowed or 
obliterated by this process. Severe vasculitic lesions can be so destruc- 
tive that the damaged structure may be difficult to recognize as an 
artery. Only a subset of patients with clinical signs and symptoms 


Figure 5-41. With resolution, the necrotizing and crescentic lesions become segmen- 
tal sclerosing lesions. Within a biopsy involved by pauci-immune necrotizing and cres- 
centic glomerulonephritis, the lesions are of varying ages with some active and some 
sclerosing lesions. 


of systemic vasculitis have lesions of necrotizing arteritis on renal 
biopsy. 

The tubulointerstitial compartment in pauci-immune glomerulo- 
nephritis shows edema, collections of mononuclear inflammatory cells, 
and sometimes eosinophils. Foci of interstitial inflammation are most 
often found in close proximity to glomeruli with acute necrotizing 
lesions or in proximity to interstitial vessels involved by necrotizing 
arteritis. When focal areas of tubulointerstitial necrosis are found, the 
possibility of infarction due to interstitial vasculitis should be strongly 
considered. In chronic cases interstitial fibrosis with collections of 
chronic inflammatory cells and tubular atrophy become more 
prominent. 

Immunofluorescent examination shows a lack of or only very scant 
nonspecific staining of well-preserved glomeruli. Fibrin staining is 
found in areas of tuft necrosis, in the urinary space, and in cellular 
crescents. Weak, nonspecific staining for immunoglobulins and 
complement components may be present; however, by definition a 
diagnosis of pauci-immune glomerulonephritis excludes diseases 
with immune-complex deposition or linear capillary wall IgG staining 
seen in anti-GBM antibody-mediated disease. 

Electron microscopy confirms the absence of glomerular electron- 
dense immune deposits, but scant small deposits may be present in 
some cases. Neutrophils are often present in the lumens of glomerular 
capillaries and in the glomerular tuft. Breaks in the basement mem- 
branes of the glomerular tuft and Bowman’s capsule are seen in severely 
damaged glomeruli. Fibrin may be present in capillary lumens, and in 
severe glomerular lesions, extravasated fibrin and inflammatory cells 
can be seen in the urinary space. Accumulation of epithelial cells and 
inflammatory cells along the basement membrane of Bowman’ capsule 
are present when crescents have formed. Endothelial cell damage is 
visible as cell swelling and discontinuity of the endothelial lining. 


Prognosis and Treatment 

Pauci-immune glomerulonephritis and ANCA-mediated necrotizing 
arteritis are potentially life-threatening diseases and therefore medical 
emergencies. Aggressive immunosuppressive treatment with high- 
dose corticosteroids and cyclophosphamide has to be initiated as soon 
as possible to ensure that the patient has the best chance of remission. 
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process that extends into the adjacent interstitium. B, The Masson trichrome-stained artery shows circumferential destruction of the artery wall with extensive, bright red fibrin 
within the inflammatory process. 


Treatment regimens comprise a remission induction phase and a 
remission maintenance phase, which can extend over several months. 
Relapses are also managed with immunosuppressive agents according 
to treatment regimens. The benefit of plasmapheresis is controversial; 
however, plasmapheresis is used by some as an adjunct to immuno- 
suppressive therapy. Aggressive immunosuppression significantly 
improves the prognosis of pauci-immune glomerulonephritis.'*' With 
this therapy, approximately 80% of patients are alive 5 years after pre- 
sentation. Renal outcome of pauci-immune glomerulonephritis is 
worse, with approximately 60% renal survival after 5 years. The most 
important prognostic factors are serum creatinine levels at the time of 
diagnosis, the percentage of glomeruli involved by crescents and, in 
more chronic cases, the extent of interstitial fibrosis.“ Patients who 
have circulating anti-GBM antibodies in addition to ANCA have a 
better prognosis than patients with ANCA alone.’” After renal trans- 
plantation, the disease recurs in approximately 15% to 20% of allografts. 


Differential Diagnosis 

The most important differential diagnostic considerations of pauci- 
immune glomerulonephritis are the other clinicopathologic entities 
that cause rapidly progressive glomerulonephritis (see Table 5-7). 
These include anti-GBM antibody-mediated glomerulonephritis and 
immune complex-mediated glomerulonephritis, such as acute postin- 
fectious glomerulonephritis and IgA nephropathy. These entities can 
be easily distinguished by IF staining and electron microscopy. 


Fibrillary Glomerulonephritis 


Incidence and Demographics 

Fibrillary glomerulonephritis is an uncommon disease that is defined 
by deposition of fibrillary material in the glomerulus. “=$ The disease 
occurs in approximately 0.5% to 1% of native renal biopsies, and its 
etiology and pathogenesis are unknown. The diagnosis is based on the 
ultrastructural finding of deposits of randomly arranged fibrils in the 
mesangium and capillary walls that are negative for Congo red and 
other stains for amyloid. Other diseases that manifest structured 
deposits, such as cryoglobulinemia, amyloidosis, and lupus nephritis, 
must be carefully excluded before making a diagnosis of fibrillary 
glomerulonephritis. Most experts separate fibrillary glomerulonephri- 
tis from immunotactoid glomerulopathy,'“*'“ and others combine the 


two diseases together into one category designated immunotactoid 
glomerulopathy. 


Clinical Manifestations 

Patients are typically middle-aged adults, with a mean age of 55 to 60 
years, who present with proteinuria, which in about 50% of cases is in 
the nephrotic range. Microscopic hematuria and hypertension are also 
common, and renal insufficiency may be present. The disease is rare 
in children. 


Histopathology 

On light microscopy glomeruli show thickening of the glomerular 
capillary walls and expansion of the mesangial matrix by amorphous 
acellular material (Fig. 5-43). In a subset of patients glomeruli are 
hypercellular with a pattern that can resemble a membranoprolifera- 
tive, diffuse proliferative, or mesangial proliferative glomerulonephri- 
tis. By definition, areas of matrix expansion do not stain with Congo 
red, but are often strongly PAS positive, which helps to distinguish the 
disease from amyloidosis. Crescents can be present in some cases and 
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Figure 5-43. Fibrillary glomerulonephritis. The glomerulus in this silver-stained section 
shows expansion of the mesangium and capillary walls that is weakly silver positive. 
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Figure 5-44. Immunofluorescence staining in fibrillary glomerulonephritis. There is mesangial and capillary wall staining for IgG (A), C3 (B), kappa (C), and lambda (D). The 
staining pattern is ribbon-like; however, it may appear slightly granular, allowing confusion with membranous nephropathy. 


are typically associated with a proliferative glomerulonephritis pattern. 
By IF microscopy glomeruli usually stain for IgG, C3, and kappa and 
lambda light chains in a mesangial as well as capillary wall distribution 
(Fig. 5-44). In less than 10% of cases only one light chain, typically 
kappa, is found, indicating deposition of monoclonal immunoglobu- 
lin. Immunostaining of the capillary walls can have a distinctive 
ribbon-like or bandlike pattern. Electron microscopy reveals the fibril- 
lary nature of the deposits. The deposits are located in the mesangium 
and the capillary walls (Fig. 5-45) and are typically admixed with vari- 
ably oriented fibrils 12 to 24 nm in diameter." 


Differential Diagnosis 

The major differential diagnostic considerations of fibrillary glomeru- 
lonephritis include amyloidosis, cryoglobulinemia, lupus nephritis, 
monoclonal gammopathy, and immunotactoid glomerulopathy. The 
IF staining pattern may be initially mistaken for membranous 
nephropathy. 


Prognosis and Treatment 

Fibrillary glomerulonephritis is a progressive disease, and about 50% 
of patients develop ESRD within 4 years. Patients are often treated with 
corticosteroids and other immunosuppressive drugs, but no clinical 
trials have documented their efficacy. Disease recurrences have been 
documented after renal transplantation." 


Immunotactoid Glomerulopathy 


Immunotactoid glomerulopathy is defined by deposits with the ultra- 
structural appearance of microtubules in the glomerulus. These micro- 
tubules typically are larger in diameter than the fibrils of fibrillary 
glomerulonephritis, with a diameter of more than 30 nm; have lucent 
central cores; and often show parallel alignment. Most authors feel that 
the deposits of immunotactoid glomerulopathy and fibrillary glomeru- 
lonephritis are distinct enough to separate the two as different enti- 
ties,"“*"° but others have combined both diseases under the single 
term immunotactoid glomerulopathy.'*”"** 


Clinical Manifestations 

Immunotactoid glomerulopathy typically occurs in patients older than 
age 60 years who present with proteinuria, with or without hematuria, 
and impaired renal function. Some patients have an underlying hema- 
tologic disorder at presentation, and the remainder are considered 
to be at increased risk to develop such a disease on long-term follow- 
up. B-cell lymphoproliferative malignancies are most commonly 
encountered. 


Histopathology 

Capillary wall thickening, mesangial matrix expansion, and hyper- 
cellularity in an endocapillary distribution are the most common glo- 
merular changes (Fig. 5-46). Areas of matrix expansion are Congo red 
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Figure 5-45. Fibrillary glomerulonephritis. Ultrastructurally the glomeruli in fibrillary glomerulonephritis contain electron-dense deposits within the mesangium and capillary walls 
(A), which at higher magnification are admixed with fibrils that are haphazardly arranged and range from 12 to 24 nm in diameter (B). 


Figure 5-46. Immunotactoid glomerulopathy. The glomeruli show mesangial and segmental proliferation with thickened capillary walls and subendothelial deposits (A, periodic 
acid—Schiff; B, Masson trichrome). At higher magnification the deposits are variably sized and subendothelial (C, Masson trichrome). 
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negative. The accentuated lobulation of the glomerular tuft is due to 
endocapillary hypercellularity and can mimic MPGN. Glomerular tuft 
necrosis or crescents are uncommon. IF staining shows IgG typically, 
with only weak staining for complement, which has a granular or 
bandlike distribution (Fig. 5-47). Light-chain restriction is often 
present and is more common for kappa than lambda light chains. EM 
findings are crucial for the diagnosis of immunotactoid glomerulopa- 
thy. Deposits have a slightly curved, microtubular shape with a central 
lucency. They characteristically show at least focal parallel alignment 
(Fig. 5-48). These microtubules can vary in diameter from 20 to 90 nm. 
Electron-dense deposits may also be present in a subendothelial and 
mesangial location, with basement membrane duplication, mesangial 
interposition, as well as increased endocapillary cellularity. 


Differential Diagnosis 

The differential diagnosis of immunotactoid glomerulopathy is broad 
(Table 5-9). The microtubular deposits of immunotactoid glomeru- 
lopathy can mimic those of cryoglobulinemic glomerulonephritis. 
Patients with circulating cryoglobulins and other clinical features of 
cryoglobulinemia should be diagnosed with cryoglobulinemic glo- 
merulonephritis rather than immunotactoid glomerulopathy. Orga- 
nized deposits in lupus nephritis can also resemble those of 
immunotactoid glomerulopathy, but clinical features of SLE, such as 
circulating autoantibodies, “full house” staining on immunofluores- 
cence, and the typical ultrastructural fingerprint-like configuration of 
deposits in lupus nephritis, aid in the differential diagnosis. On light 
microscopy, the endocapillary hypercellularity in immunotactoid 


Figure 5-47. Immunofluorescence staining in immunotactoid glomerulopathy. The 
glomerulus shows staining for IgG (A) and lambda (C). The stain for kappa (B) is 
negative. 


Figure 5-48. Ultrastructurally the deposits in immunotactoid glomerulopathy are 
composed of numerous, closely packed curvilinear fibrils with a diameter that ranges 
from 20 to 90 nm. Immunotactoid glomerulopathy must be differentiated from cryo- 
globulinemic glomerulonephritis. 
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Table 5-9. Differential Diagnosis of Glomerular Diseases with Organized Deposits 
Disease Deposit Characteristics 


Immunotactoid 
glomerulonephritis 


10-90 nm diameter microtubules, parallel 


Cryoglobulinemia 20-30 nm diameter microtubules, curved 


Fibrillary glomerulonephritis 15-30 nm diameter, nonbranching, random, IC 


associated 
Amyloidosis 7-12 nm diameter, nonbranching, random, CR+ 


Lupus nephritis IC with occasional “fingerprint” configuration 


Proliferative GN with 
monoclonal IgG deposits 


IC with occasional “lattice-like” configuration 


CR, Congo red; GN, glomerulonephritis; IC, immune complex. 


glomerulopathy can mimic MPGN, which typically has strong C3 
staining. When the structured deposits are smaller in diameter and 
arranged haphazardly, fibrillary glomerulonephritis should be consid- 
ered. Proliferative glomerulonephritis with monoclonal IgG deposits 
is characterized by prominent mesangial and endocapillary prolifera- 
tion with monoclonal IgG deposits restricted to a single IgG subclass 
(commonly IgG 3) and a single light-chain isotype. These patients have 
no clinical or laboratory evidence of cryoglobulinemia, an important 
differentiating feature.’ 


Prognosis and Treatment 

When an underlying lymphoid neoplasm is present it should be treated 
with the appropriate chemotherapy. The glomerulonephritis has been 
treated with corticosteroids and other immunosuppressive medica- 
tions; however, the clinical benefit has not been elucidated in clinical 
trials. 


Thrombotic Microangiopathy 


Acute thrombotic microangiopathy (TMA) is the morphologic conse- 
quence of a number of disorders; however, it is most commonly associ- 
ated with the hemolytic-uremic syndrome (HUS) and thrombotic 
thrombocytopenic purpura (TTP).’°''* Other secondary causes 
include chemotherapeutic agents, cyclosporine, and APS (Box 5-1). 
Historically HUS and TTP have been separated clinically by the pres- 
ence of neurologic signs and symptoms in TTP and the presence of 
renal failure in HUS; however, the distinction is often clouded.!”* 
Because of the overlap between TTP and HUS, plasma exchange 
therapy is usually offered to adults with thrombocytopenia and micro- 
angiopathic hemolytic anemia with or without neurologic symptoms 
or renal dysfunction.’ 

Delineation of the molecular pathogenesis of HUS and TTP has 
broadened understanding of these disorders; each is discussed briefly 
separately. 


Box 5-1. Causes of Thrombotic Microangiopathy Pattern of Injury 


Hemolytic-uremic syndrome 

Thrombotic thrombocytopenic purpura 

Drugs (quinine, mitomycin, cyclosporine, FK506, ticlopidine, clopidogrel) 
Irradiation 

POEMS syndrome 

Chronic transplant glomerulopathy 

Antiphospholipid syndrome 

Malignant hypertension 

Scleroderma 


Thrombotic Thrombocytopenic Purpura 


Thrombotic thrombocytopenic purpura can be classified into at least 
three distinct entities: congenital TTP, idiopathic TTP, and nonidio- 
pathic TTP.’ Patients with congenital TTP have deficiency of 
ADAMTS13, a plasma metalloproteinase that cleaves von Willebrand 
factor (VWF). ">= Idiopathic TTP is usually caused by autoantibod- 
ies that inhibit ADAMTS13 activity or induce its clearance from the 
circulation.'** Conditions that directly injure endothelial cells, result- 
ing in deposition of platelets and fibrin and the formation of micro- 
vascular thrombi independent of vWF or ADAMTS13, are responsible 
for nonidiopathic TTP. These conditions include hematopoietic pro- 
genitor cell transplantation (HPCT),'" drugs,” malignancy, 7 
and pregnancy.'*""*! 


Incidence and Demographics 

The incidence of TTP in the United States is 3 to 10 per 1 million resi- 
dents per year; however, the incidence of nonidiopathic TTP appears 
to be higher. ™®*!® Approximately 5% of patients with disseminated 
malignancy are reported to have TTP; however, many have signs of 
concurrent disseminated intravascular coagulation (DIC). A number 
of malignancies, including adenocarcinomas, breast carcinoma, small- 
cell lung carcinoma, squamous cell carcinomas, thymoma, Hodgkin 
disease, and non-Hodgkin lymphoma, have been associated with TTP. 
The incidence of TTP after HPCT ranges from 0 to 74%, with a median 
incidence of 7.9%. HIV infection has been associated with TTP, with 
a prevalence of approximately 0.3%." The estimated incidence 
of TTP in women during pregnancy is approximately 1 in 25,000 
births; about 75% of patients present with symptoms of TTP in the 
third trimester or peripartum. Many drugs, particularly quinine, 
mitomycin, cyclosporine, FK506, ticlopidine, and clopidogrel, may 
cause TTP.” 


Clinical Manifestations 

The classic diagnostic pentad of TTP includes thrombocytopenia, 
microangiopathic hemolytic anemia, neurologic symptoms and signs, 
a variable degree of renal dysfunction, and fever.’*”'*° These signs and 
symptoms may vary among patients, blurring the clinical distinction 
between TTP and HUS. Plasma exchange therapy is usually offered to 
all adults who meet the criteria of thrombocytopenia and microangio- 
pathic hemolytic anemia regardless of the presence of neurologic 
symptoms or renal dysfunction.’ 


Histopathology 

Tissue biopsy is generally not necessary or sensitive for a diagnosis of 
TTP. If performed, characteristic microthrombi in terminal arterioles 
and capillaries are present. The microthrombi are composed predomi- 
nantly of platelets and vWF. In patients dying of TTP, microthrombi 
have been found in most organs, particularly the myocardium, with 
variable involvement of the kidney, pancreas, adrenal glands, and 
brain. Pulmonary and hepatic vessels are usually spared. 


Differential Diagnosis 

Other systemic diseases that can mimic TTP in presentation include 
disseminated malignancy, systemic infections, malignant hyperten- 
sion, and SLE.'*° Morphologic differential diagnostic considerations 
are discussed here. 


Prognosis and Treatment 

The prognosis of TTP has improved significantly over time with the 
advent of plasma exchange therapy. Despite optimal management, 
however, mortality among patients with TTP remains approximately 
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15%. Many of these deaths can be attributed to complications of plasma 
exchange therapy, sepsis, hemorrhage, and thrombosis." Disease 
relapse is a consideration; among patients with severe ADAMTS13 
deficiency the risk is approximately 40%.'*° 


Hemolytic-Uremic Syndrome 


Hemolytic-uremic syndrome has been classified into diarrhea- 
associated (D+) and nondiarrhea-associated (D—) HUS. D+ HUS 
accounts for more than 90% of cases and is caused by an enteric infec- 
tion with Shiga-like toxin-producing organisms, most frequently Esch- 
erichia coli 0157:H7.'* D- HUS is less common and heterogeneous. 
Some cases are familial, some have a relapsing course, some have a 
neonatal onset, and some are triggered by infection with neuraminidase- 
producing microbes. Many causes lack effective therapy; the overall 
mortality rate for D— HUS is 26%. Recent studies have suggested dys- 
regulation of the alternative complement pathway as causative in a 
subset of patients with D— HUS. 


Incidence and Demographics 

D+ HUS occurs most commonly in children; however, adults are also 
affected. E. coli O157:H7 accounts for approximately 60% of cases of 
D+ HUS. The annual incidence of human infection with E. coli 
O157:H7 in North America is 8 per 100,000 population. In sporadic 
cases the percentage of cases with bloody diarrhea that progress to 
HUS is 3% to 7% and is between 20% and 30% in outbreaks. HUS 


Figure 5-49. Thrombotic microangiopathy. These silver-stained glomeruli show a 
luminal thrombus in the hilar arteriole (A) and glomerular capillary (B) with dissolution 
of the mesangium (mesangiolysis) with microaneurysm formation (B and C). 


usually occurs 4 to 6 days after the onset of diarrhea. D— HUS occurs 
in 5% to 10% of patients with HUS who have no antecedent diarrhea 
or an identifiable infection. D- HUS may occur in adults and very 
young children. 


Clinical Manifestations 

The illness usually begins with abdominal cramps and nonbloody diar- 
rhea. The diarrhea becomes hemorrhagic in 70% of cases, usually 
within 1 to 2 days. Vomiting occurs in 30% to 60% of cases and fever 
in 30%. The leukocyte count is usually elevated. HUS is usually diag- 
nosed 6 days after the onset of diarrhea.’ Laboratory abnormalities 
in HUS include anemia with evidence of hemolyis (schistocytes), 
thrombocytopenia, variable proteinuria and hematuria, oliguria, and 
renal insufficiency. After infection the Shiga-like toxin-producing E. 
coli may be shed in the stool for several weeks after the symptoms have 
resolved, particularly in young children.'*” 


Histopathology 

A diagnosis of HUS is generally made based on clinical and laboratory 
findings. Renal biopsy may be performed in equivocal cases or in 
patients whose renal status has not improved despite resolution of the 
hematologic abnormalities. 

In acute thrombotic microangiopathy (e.g., HUS), the glomerular 
capillaries and small arterioles contain luminal thrombi composed 
primarily of fibrin. There is often accompanying dissolution of the 
mesangial matrix with mesangiolysis (Fig. 5-49). Thrombi may extend 
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Figure 5-50. Thrombotic microangiopathy. The glomerulus in this electron micrograph 
shows lifting of the endothelial cells from the basement membrane with a resultant 


lucent subendothelial space. Eventual duplication of the basement membrane will occur. 


into the glomerular arteriole or small arteries. The overlying podocytes 
may appear prominent, but no disruptions of the capillary wall or 
crescents are generally present. The endothelial cells show evidence of 
injury and may be denuded from the GBM. The lesions may resolve 
completely or the glomeruli may show residual segmental or global 
sclerosis. In chronic forms of TMA, the glomerular capillary walls 
appear thickened with duplication of the GBM. The space between the 
original basement membrane and the endothelial cell is lucent or con- 
tains fibrin and other serum products (Fig. 5-50). 


Differential Diagnosis 

The clinical differential diagnosis of HUS includes DIC, infections, 
pregnancy-induced thrombocytopenia (pre-eclampsia, HELLP), 
vasculitis, intravascular devices causing hemolysis, and malignant 
hypertension. 

Morphologically DIC is characterized by glomerular capillary 
thrombi; however, there is no accompanying mesangiolysis or evidence 
of endothelial cell injury and the glomerular capillary wall is intact. In 
necrotizing and crescentic glomerulonephritis due to systemic vascu- 
litis, the glomeruli show capillary wall disruption with overlying cel- 
lular crescents. The glomerular capillaries contain fibrin; however, it is 
associated with a break in the capillary wall and is admixed with the 
epithelial cells and monocytes forming the crescent. No mesangiolysis 
is present, and these lesions often heal as segmental scars. 


Prognosis and Treatment 
Seventy percent of patients who develop HUS require red blood cell 
transfusions, 50% need dialysis, and 25% have neurologic involvement, 
including stroke, seizure, and coma. From 3% to 5% of patients die 
during the acute phase of D+ HUS. Approximately 12% of patients who 
survive an acute episode of acute Shiga-like toxin-producing E. coli 
develop ESRD, and approximately 25% have a GFR of less than 80 mL/ 
min/1.73 m”. The severity of the acute illness, particularly if central 
nervous system symptoms are present, and the need for initial dialysis 
are strongly associated with a worse long-term prognosis.'*” 
Treatment of HUS caused by Shiga-like toxin-producing E. coli is 
supportive in the acute phase; antibiotics should be avoided except in 
cases of sepsis.'** Other therapies, including plasma, IgG, fibrinolytic 
agents, antiplatelet drugs, corticosteroids, and antioxidants, have been 


shown to be ineffective in the acute phase.'**'**'**’™ Blood pressure 
control and use of ACE inhibitors may be beneficial in those patients 
with chronic renal disease. 
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Hereditary diseases that affect the glomeruli structurally and function- 
ally may present in infants, in older children, and in adolescents or 
may not manifest until adulthood. These diseases are characterized by 
structural glomerular abnormalities; deposition of material within the 
glomerular tuft, glomerular basement membrane (GBM), or podocyte 
cytoplasm; or may be characterized by alterations in the subcellular 
structure of the glomerular epithelial cells. In some cases the patterns 
of injury overlap other hereditary or nonhereditary disorders. Thor- 
ough evaluation of the biopsy by light microscopy, immunofluores- 
cence, and electron microscopy; recognition of subtle changes; and 
correlation with clinical history and laboratory data are mandatory for 
accurate diagnosis. 


Thin Glomerular Basement 
Membrane Nephropathy 


Incidence and Demographics 

Thin glomerular basement membrane nephropathy (TGBMN) is one 
of the most common causes of persistent microscopic hematuria in 
children and adults. It is characterized by a familial occurrence, most 
commonly with autosomal dominant inheritance, and is thought to 
occur in between 1% and 5% of the general population.” The exact 
prevalence is unclear, however, because many cases are not biopsied. 


Patients have diffusely thinned glomerular basement membranes 
(GBM) on electron microscopy. The diagnosis is usually based on 
the presence of persistent hematuria with no more than minimal 
proteinuria, normal renal function, thinned GBM on electron micros- 
copy, and a thorough family history. Synonyms include thin basement 
membrane disease, benign familial hematuria, hereditary hematuria, 
and benign essential hematuria. 


Etiology and Pathogenesis 

The genes COL4A3 and COL4A4 encode for the «3 and 04 chains of 
collagen IV, respectively. Mutations in one of these genes have been 
detected in approximately 40% of cases of TGBMN.™ In some families, 
however, there is no linkage to either one of these gene loci, which 
strongly suggests that other as-yet unidentified genes are implicated. 
In most families the abnormality is transmitted through autosomal 
dominant inheritance. Cases without a family history also occur and 
are thought to be caused by sporadic mutations. Patients with hetero- 
zygous mutations in either COL4A3 or COL4A4 have nonprogressive 
TGBMN without impairment of renal function. But another, more 
serious disease is also caused by mutations in COL4A3 or COL4A4: 
autosomal recessive Alport syndrome. Patients with TGBMN are het- 
erozygous for a mutation in one of these genes; homozygosity or com- 
bined heterozygosity for these mutations results in autosomal recessive 
Alport syndrome. For this reason, many investigators consider TGBMN 
a carrier state for autosomal recessive Alport syndrome.*” 


Clinical Manifestations 

Patients present with persistent microscopic hematuria. Episodes of 
macroscopic hematuria can be precipitated by physical exercise or 
infections. Red blood cells are dysmorphic on urinalysis, which indi- 
cates the glomerular origin of hematuria. Renal function is normal, 
and young patients typically have no more than minimal proteinuria. 
Most patients have a family history of hematuria. 


Histopathology 

Biopsies are typically normal on light microscopy. Red blood cells may 
be present in the urinary space or in interstitial tubules. In a minority 
of cases mild mesangial expansion or hypercellularity may be present. 
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Routine immunofluorescence (IF) staining is generally negative, 
although weak nonspecific staining may be found for IgM or C3 in 
some cases. When additional IF staining is performed for the alpha 
chains of collagen IV, there is normal staining for the œl through 05 
chains.” The defining feature of TGBMN is diffuse uniform thinning 
of the GBM (Fig. 6-1). Although this definition appears relatively 
simple, diagnostic problems can be encountered on ultrastructural 
examination. The normal thickness of the GBM varies with patient age 
and gender, as well as on tissue processing and measurement tech- 
niques. Children normally have thinner basement membranes than 
adults, and women have thinner basement membranes than men. 
Therefore, published “normal” thickness and cutoff values vary con- 
siderably. The World Health Organization has published threshold 
thickness values for the diagnosis of TGBMN at 250 nm for adults 
and 180 nm for children age 2 to 11 years. In some series of pediatric 
patients, basement membrane thickness of less than 250 nm has been 
considered indicative of TGBMN. The Columbia University nephro- 
pathology laboratory reported normal values of GBM thickness 
of 350 nm + 50 nm for adult males and 300 nm + 40 nm for adult 
females, and uses cutoffs of less than 250 nm for males and less than 
220 nm for females to define TGBMN..* There is broad agreement that 
thinning should affect at least 50% of the total glomerular capillary 
surface area, the basement membrane thickness should be measured 
on the peripheral surface of glomerular capillaries, and the mean of 


Figure 6-1. Thin glomerular basement membrane nephropathy. The glomerular base- 
ment membrane lamina densa is uniformly thinned in these electron microscopic 
images (A and B) compared with normal glomerular basement membrane at the same 
magnification (C). 


multiple measurements from multiple capillary loops and from mul- 
tiple glomeruli should be determined. The abnormal thinning is most 
prominent in the lamina densa of the basement membranes. Focal 
mild basement membrane splitting or lamellation may be found in a 
few cases; however, more extensive changes strongly suggest a diagno- 
sis of Alport syndrome. 


Differential Diagnosis 

The differential diagnosis of TGBMN includes other diseases that 
present with hematuria, most importantly Alport syndrome and IgA 
nephropathy. The diagnosis of Alport syndrome has major clinical 
implications and should be made carefully. Young males with Alport 
syndrome and some heterozygous females can have GBM thinning as 
the only abnormality, which can make the distinction between TGBMN 
and early Alport syndrome a challenge. Prominent and more than focal 
lamellation and splitting of the basement membrane strongly suggests 
Alport syndrome. Persistent significant proteinuria is also not a feature 
of TGBMN. The distinction from IgA nephropathy is usually straight- 
forward and is based on the finding of mesangial IgA deposits and 
variable mesangial proliferation. 

Glomerular basement membrane thinning can also be an acquired 
and nonspecific change, and can be seen secondary to basement mem- 
brane remodeling that occurs in the course of glomerular injury and 
repair in immune-mediated and nonimmune-mediated glomerular 
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diseases. There is no defined etiologic relationship between thin GBM 
and IgA nephropathy. Because both disorders are common, their coex- 
istence may be coincidental. 


Prognosis and Treatment 

Thin glomerular basement membrane nephropathy is considered a 
benign disease in most cases; it usually does not lead to impaired renal 
function and does not require treatment. 


Alport Syndrome 


Incidence and Demographics 

Alport syndrome is a heterogeneous group of genetic diseases that 
result from a mutation in an alpha chain of type IV collagen. The most 
common transmission, by X-linked inheritance, occurs in about 85% 
of cases; therefore, most patients are young males. The second most 
common mode of transmission is autosomal recessive (about 10% to 
15% of cases), and the remainder are autosomal dominant.* '° Patients 
present with glomerular hematuria, chronic progressive renal disease, 
sensorineural hearing loss, and ocular abnormalities. Alport syndrome 
has an estimated prevalence of 1 in 50,000 live births’? and affects 0.3% 
to 2.3% of all patients who develop end-stage renal disease (ESRD). 
Alport syndrome is thought to be the cause of renal injury in about 3% 
of children with ESRD in the United States. 


Etiology and Pathogenesis 

The three genetic variants of Alport syndrome are caused by mutations 
in one of the genes that encodes for type IV collagen. The collagen IV 
molecule is composed of three alpha chain monomers that form a 
triple helix called a protomer and is one of the essential matrix com- 
ponents of the normal GBM. Six different genes, designated COL4A1 
through COL4A6, encode for the six different alpha chains of collagen 
IV, the œl through 06 chains. COL4A1 and COL4A2 are located on 
chromosome 13, COL4A3 and COL4A4 are on chromosome 2, and 
COL4A5 and COL4A6 are on the X chromosome. In the embryonic 
GBM the collagen IV molecule is formed by the o1-c1-a2 trimer. 
After birth this embryonic collagen IV is replaced over time by the 
03-04-05 trimer. Defects in the &3-04-05 trimer lead to Alport syn- 
drome (or to TGBMN), because a mutation in one of these genes leads 
to defective assembly of the collagen IV molecule. Most evidence 
suggests that chain mutations produce a post-translational defect in 
protomer assembly, possibly due to incorrect folding or assembly of 
monomers.”!» 

The X-linked form of Alport syndrome is caused by mutations in 
COL4A5, which encodes the 05 chain of collagen IV. More than 30 
mutations have been reported in COL4A5, and mutations are distrib- 
uted throughout the gene without hotspots. Most Alport syndrome 
families have their own “private” mutation. Approximately 10% to 15% 
of cases have no family history of the disease and are thought to occur 
by de novo mutation. COL4A5 mutations lead to expression of a defec- 
tive 045 chain protein, which alters the structure of the 3-04-05 trimer, 
which in turn alters the structure and function of the GBM.“ Over time 
this leads to damage to the basement membrane and progressive glo- 
merulosclerosis. The autosomal recessive variant of Alport syndrome 
is found in approximately 10% to 15% of families and is caused by 
mutations in COL4A3 or COL4A4. Because of the recessive transmis- 
sion of this variant, patients typically have homozygosity or combined 
heterozygosity for mutations in these genes. Patients with a heterozy- 
gous mutation in one of these genes have TGBMN and are considered 
carriers for autosomal recessive Alport syndrome.’ There is similar 
disease severity in men and women in autosomal Alport syndrome, 
with a variable but generally milder phenotype than in X-linked disease. 


Clinical Manifestations 

Males with X-linked Alport syndrome usually present in early 
childhood with either microscopic or macroscopic hematuria, either 
recurrent or persistent, as the first clinical abnormality. Episodes of 
macroscopic hematuria can be precipitated by exercise or upper respi- 
ratory tract infections. Most patients develop proteinuria, which ini- 
tially is subnephrotic. Hypertension and more severe proteinuria 
develop later, and the proteinuria can progress to the nephrotic range. 
Almost all males with X-linked disease progress to ESRD between ages 
16 and 35 years. The duration of the clinical course varies among kin- 
dreds but is fairly constant within a given family. A juvenile form and 
an adult form are recognized for X-linked Alport syndrome, depend- 
ing on whether patients develop ESRD before or after age 30 years. The 
two most common extrarenal manifestations of X-linked Alport syn- 
drome are sensorineural hearing loss due to dysfunction of the inner 
ear and the ocular abnormalities of anterior lenticonus and a “dot-and- 
fleck” retinopathy. Heterozygous female carriers present later than 
males with intermittent hematuria and are much less likely to have 
progressive renal disease. The clinical course is much more heteroge- 
neous among female carriers, due to random inactivation of the X 
chromosome in females, according to the Lyon hypothesis. Most 
female carriers for X-linked Alport syndrome with a mutation in one 
COL4A5 gene exhibit hematuria, and up to 30% of female carriers can 
have progressive renal dysfunction leading to ESRD. Diffuse leiomyo- 
matosis occurs in 2% to 5% of families with the juvenile form, affecting 
the esophagus, tracheobronchial tree, and the female genital tract.” 
Patients with autosomal dominant Alport syndrome have a more vari- 
able clinical presentation, which ranges from lack of symptoms to the 
development of ESRD in adulthood, but generally have a milder 
expression of the disease." 


Histopathology 

Renal biopsies appear normal by light microscopy in the early stages 
of Alport syndrome. Later, nonspecific changes develop, including 
segmental and later diffuse thickening and wrinkling of the GBM 
(Fig. 6-2). Sometimes basement membrane splitting can be seen on the 
Jones methenamine silver stain. In young patients red blood cell casts 
may be seen in interstitial tubules. With disease progression, an inter- 
stitial chronic inflammatory cell infiltrate, tubular atrophy, and inter- 
stitial fibrosis become increasingly apparent. Routine IF stains are 


merulosclerosis (center) and three globally sclerotic glomeruli (left and lower right). 
Without electron microscopy, this morphology is nonspecific and may be diagnosed as 
focal segmental glomerulosclerosis. Electron microscopic examination is critical in arriv- 
ing at the correct diagnosis. 


115 


Practical Renal Pathology 


116 


negative, but focal weak nonspecific staining can be found for IgM and 
C3. Special IF staining with antibodies against the œl through 06 
chains of collagen IV can contribute important information to the 
diagnosis (Table 6-1). When informative, a skin biopsy may spare the 
patient a renal biopsy. The epidermal basement membrane of normal 
control patients shows continuous IF staining for the 05 chain of col- 
lagen IV. This staining is completely absent in about 70% of males with 
X-linked disease and is virtually diagnostic of Alport syndrome. 
Normal 05 chain staining does not exclude the disease. In approxi- 
mately 70% of males with X-linked Alport syndrome staining for the 
a3, 04, and 05 chains is absent in the GBM, although only the 05 
chain is mutated. A mutation in the 05 chain is thought to lead to failed 
incorporation of the a3 and o4 chains, impairing assembly of the 
normal collagen IV protomer.'™" Female carriers of X-linked Alport 
syndrome usually show segmental or patchy loss of the 03, 04, and 015 
chains from the GBM and segmental loss of the a5 chain from the 
epidermal basement membrane in a mosaic pattern. Ultrastructural 
examination of the renal biopsy is key to the morphologic diagnosis of 
Alport syndrome. Some young patients have only thinning of the base- 
ment membrane. A thickened GBM develops later, along with splitting 
and duplication that assumes a basketweave appearance (Fig. 6-3). As 
the renal disease progresses, increased mesangial matrix and segmental 
and global glomerulosclerosis develop. 


Table 6-1. Genotype and Immunophenotype of Alport Syndrome and Thin 
GBM Nephropathy 


Inheritance Gene Locus Renal IHC Staining Pattern 
X-linked (80%) COL4A5 Absent «5 (IV), «3 (IV) and a4 
IV) in 80% of males 
X-linked with diffuse  COL4A5 Mosaic staining for œ5 (IV), 03 
leiomyomatosis COL4A6 IV), and a4 (IV) in 60% to70% 
of heterozygous females. 
Autosomal recessive COL4A3 or Absent 03 (IV) and «4 (IV) in any 
(15%) COL4A4 BM 
Absent «5 (IV) in GBM 
Positive «5 (IV) in BC and TBM 
distal/collecting) 
Some show normal staining 
Autosomal dominant  COL4A3 or Normal or segmental staining for 
(5%) COL4A4 «5 (IV), 03 (IV), and a4 (IV) 
Thin GBM Heterozygous Normal 
nephropathy mutations of 
(autosomal COL4A3 or 
dominant) COL4A4 (40%) 


BC, Bowman's capsule; BM, basement membrane; GBM, glomerular basement membrane; 
TBM, tubular basement membrane. 


Figure 6-3. A to C, Alport syndrome. The glomerular basement membranes in these 
electron micrographs are irregularly thickened with a widened lamina densa that has 
a basketweave, or lamellated, appearance. Note the prominent podocyte foot process 
effacement. 
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Differential Diagnosis 

One major differential diagnostic challenge can be the morphologic 
distinction of early Alport syndrome from TGBMN in cases when only 
GBM thinning is present. Because of the major differences in the 
natural course of the two diseases, caution should be exercised. Family 
history and results of IF studies of collagen IV alpha chains on skin or 
renal biopsies can help establish the diagnosis of Alport syndrome. 


Prognosis and Treatment 

No specific treatment is available for Alport syndrome. Treatment with 
renin-angiotensin blockers can improve proteinuria, and antihyperten- 
sive drugs are used to control high blood pressure. Most hemizygous 
males with X-linked disease progress to ESRD and require renal 
replacement therapy. Approximately 3% of patients develop post- 
transplant anti-GBM antibody—mediated glomerulonephritis second- 
ary to alloantibody against the 05 chain antigen that is absent in the 
host, but is expressed in the allograft, >" leading to rapid graft loss. 


Fabry Disease 


Fabry disease (also known as Anderson-Fabry disease) is an X-linked 
lysosomal storage disease caused by a deficiency of o-galactosidase A 
(a-Gal A). The skin lesions of Fabry disease (angiokeratoma corporis 
diffusum) were first described by Johannes Fabry and William Ander- 
son in 1898. It was recognized as a systemic vascular disease and later 
as a storage disease, and the accumulation of the glycolipids globotri- 
aosylceramide (Gb3) and galactosylceramide in a variety of cell types 
was reported in 1963.'° The X-linked nature of the disease was recog- 
nized in 1965; it was later established that the defect is due to insuffi- 
cient activity of the enzyme o-Gal A, which catalyzes the hydrolytic 
cleavage of the terminal molecule of galactose from Gb3.'° 


Incidence and Demographics 

The incidence of Fabry disease is estimated at 1 in 117,000 live births 
for males, although recent newborn screening surveys suggest a much 
higher incidence of up to 1 in 3100.'*'? Because of the higher than 
expected frequency and the nonspecific nature of the complications of 
the disease, it is likely that the disease is underdiagnosed. The presence 
of equal numbers of males and females in some studies suggests that 
up to 50% of females with Fabry disease may be asymptomatic or are 
not identified.’*’* There is no known ethnic predisposition; however, 
regional pockets with increased incidence exist and have been docu- 
mented in Nova Scotia, Canada, and West Virginia, United States. The 
prevalence of Fabry disease in patients with ESRD on hemodialysis 
ranges from 0.2% to 1.2%. In adult males with cryptogenic stroke and 
male patients with unexplained left ventricular hypertrophy or hyper- 
trophic cardiomyopathy, the prevalence approaches 3% to 4%." 


Etiology and Pathogenesis 

Fabry disease is caused by an X-linked recessive inborn error of glyco- 
sphingolipid metabolism caused by deficient activity of the lysomal 
enzyme 0-Gal A. The a-Gal A gene, GLA, is located on Xq22.1. More 
than 430 mutations have been described; however, the cause of the 
large number of different mutations is not known. It is speculated that 
having the Fabry trait presents a selective advantage, such as resistance 
to certain types of bacterial infections. Patients with the classic, most 
severe form of Fabry disease almost always have a mutation that causes 
a total absence of o-Gal A activity, whereas patients with missense 
mutations often have some residual activity, ranging from 2% to 25%." 
A high percentage of female heterozygotes will also have significant 
morbidity and premature mortality. X-chromosome inactivation may 
in part account for the disease in females.” 


Deficiency of &-Gal A leads to storage of neutral glycosphingolipids, 
particularly Gb3 and galactosylceramide, in tissue and cells. As little as 
5% to 10% of residual enzyme activity may be sufficient to prevent clini- 
cally significant accumulation of Gb3. Progressive accumulation of these 
lipids leads to cellular dysfunction, inflammation, or fibrosis. The mech- 
anism of injury may be poor perfusion due to accumulation in vascular 
endothelium or damage from accumulation in other cell types.” 

There has been no identified correlation between genotype and 
phenotype. The clinical presentation varies, and there can be consider- 
able variation in age of onset, rate of progression, and organ involve- 
ment among family members. Therefore, other factors may have a role 
in establishing disease progression. 


Clinical Manifestations 

The disease process begins early in life; however, symptoms do 
not develop until early childhood. The earliest symptoms in children 
include burning pain in the hands and feet, hypohydrosis, nausea, 
abdominal pain, postprandial diarrhea, poor growth, and school 
difficulties. Symptoms can begin in boys as early as age 2 years, with 
an average onset at age 5 to 6 years. Onset of symptoms in girls is 
later, with an average of 9 years.'”"” After age 20 years the symptoms 
progress; proteinuria develops in men, eventually progressing to 
renal failure. Women also have progression of symptoms; however, 
proteinuria is less consistent. Involvement of other organ systems also 
progresses, particularly in men, with life-threatening cardiac and cere- 
brovascular disease and significant morbidity. Although a few women 
remain asymptomatic, most develop severe complications, particularly 
heart disease and stroke.” 

In addition to chronic burning or tingling pain, patients may also 
experience Fabry crisis with severe episodes of limb pain, which begins 
in the hands and feet and spreads proximally.” 

Renal failure and chronic kidney disease are major complications 
in Fabry disease and affect most adult men with the disease in their 
50s. Signs of renal dysfunction usually develop in the second and third 
decades of life and include hyperfiltration, microalbuminuria, protein- 
uria, and urinary concentrating defects.””” By the time proteinuria or 
renal insufficiency are detected, irreversible damage has occurred; 
however, treatment may slow progression of the renal disease.” As 
expected, the response to enzyme replacement therapy (ERT) is better 
in patients who are treated early. 

The classic cardiac abnormality in Fabry disease is hypertrophic 
cardiomyopathy, which is characterized initially by myocardial hyper- 
trophy with progressive interstitial fibrosis.” Ventricular arrhythmias 
may also occur and may be the first manifestation of Fabry disease in 
asymptomatic patients.”°”” One of the first signs of cardiac involvement 
is a short PR interval. Other cardiac signs and symptoms include 
hypertension, angina, dyspnea, and palpitations. The most common 
life-threatening problem is cardiac arrhythmias.” 

Strokes and transient ischemic attacks are frequently seen in 
patients with Fabry disease despite ERT. The frequency of these 
incidents is 10 to 12 times that of the general population, and these 
patients more commonly have cardiac and renal disease.” Other 
neurologic symptoms include hearing loss,” abnormal temperature 
sensation, deficits in pinprick and light touch sensation, tinnitus, and 
polyneuropathy-like symptoms.” 

Gastrointestinal symptoms are also common and have been 
reported as early as age 5 to 6 years. These include nausea, vomiting, 
abdominal pain, and diarrhea, especially associated with meals.” 
Symptoms have been reported to improve with ERT; other treatments 
include pancreatic enzyme supplementation and antimotility agents.*>* 

Angiokeratomas develop in approximately 40% of adolescents with 
Fabry disease at a median age of 14 to 16 years. They tend to increase 
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ization of podocyte cytoplasm (arrows), a light microscopic clue to the diagnosis of 
Fabry disease. 


in number with age and tend to cluster around the umbilicus and 
beltline regions but can also be present in other areas.'” 

Other clinical manifestations of Fabry disease include hypohidrosis 
(and hyperhidrosis), corneal opacities, opacities of the posterior lens, 
and retinal vascular tortuosity. Fabry disease is also associated with 
decreased bone mineral density, azoospermia, and a number of latent 
endocrine abnormalities. Patients also have characteristic facial fea- 
tures that include periorbital fullness, prominent lobules of the ears, 
bushy eyebrows, recessed forehead, shallow midface, full lips, and a 
prominent nasal bridge.” 

Once the disease is suspected, most affected males can be diagnosed 
by determining the o-Gal A enzyme activity in leukocytes or plasma; 
however, the use of plasma has been associated with a higher rate of 
false-negative test results.” Alternatively molecular genetic analysis can 
be used to identify a mutation in GLA in both males and females; this 
is the preferred method in females because many female heterozygotes 
have normal o-Gal A enzyme activity in leukocytes and plasma.” 


Histopathology 

Renal biopsy is useful in confirming the diagnosis of Fabry disease and 
in determining prognosis.”””’ In addition other causes of renal dysfunc- 
tion and proteinuria can be excluded. The glomeruli in Fabry disease 
show variable mesangial matrix expansion without significant hyper- 
cellularity. Depending on the degree of renal compromise, glomeruli 
may show segmental and global glomerulosclerosis. The podocytes typi- 
cally appear vacuolated, reflecting the intracellular accumulation of Gb3, 
a feature that is probably best seen on the silver stain (Fig. 6-4). Intersti- 
tial vacuolated macrophages may also be present, and tubular epithelial 
and vascular endothelial cells may contain similar vacuoles (Fig. 6-5). 
No immune complex deposition is present on IF staining unless there is 
a superimposed glomerulonephritis; however, there may be trapping of 
IgM in segmental or globally sclerotic glomeruli. 

The podocytes are prominent on toluidine blue-stained electron 
microscopic (EM) survey sections and contain innumerable dark, 
whorled, round cytoplasmic inclusions (Fig. 6-6). Ultrastructurally 
these have an electron-dense whorled, laminated appearance and are 
composed of concentric dense layers (Fig. 6-7). These inclusions may 
be present in mesangial and endothelial cells; however, they are a much 
more subtle finding in these locations. Deposition of membrane-like 
material associated with basement membrane duplication has also 
been described. It has been suggested that these structures represent 
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Figure 6-5. Fabry disease. Tubular epithelial cells and interstitial histiocytes appear 
vacuolated in this silverstained section. 


Figure 6-6. Fabry disease. The podocyte cytoplasmic inclusions in Fabry disease are 
readily apparent in this toluidine blue-stained survey section (arrows) and may be the 
first clue to a diagnosis of Fabry disease before examination of electron micrographs. 


remnants of damaged endothelial cells or, when present in the walls of 
arteries, remnants of smooth muscle.”! 


Differential Diagnosis 

It is essential that kidney biopsies be performed in patients suspected 
of having Fabry disease and that any patient with proteinuria be exam- 
ined by light microscopy, immunofluorescence staining, and electron 
microscopy. Podocyte vacuolization may be overlooked on routine LM 
examination, particularly if focal segmental and global glomeruloscle- 
rosis are present to a significant degree. 

The myelin-like structures described in Fabry disease have also 
been reported in biopsies from patients taking cloroquine™ and amio- 
darone.” They may be present as an incidental finding in a rare podo- 
cyte in biopsies from patients with proteinuria from any cause. 


Prognosis and Treatment 

Fabry-associated nephropathy is progressive and eventually leads to 
ESRD in all male patients and in a smaller number of female patients. 
Because of the nonspecific nature of early signs of Fabry disease, diag- 
nosis is often delayed. Until recently, therapy was supportive; however, 
in 2001 specific therapy aimed at correcting the metabolic deficiency 
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nification, the whorled architecture is apparent. 


in Fabry disease became available. Agalsidase beta (Fabrazyme) and 
agalsidase alfa (Replagal) are recombinant enzyme preparations 
approved for treatment of Fabry disease.***’ Studies have shown that 
both have beneficial effects on renal histology and function, reduction 
or normalization of plasma Gb3, reduction of urinary Gb3 excretion, 
as well as clearance of Gb3 from capillary endothelial cells, renal glo- 
merular cells, and tubular epithelial cells.” 

In patients with relatively preserved kidney function and minimal 
proteinuria, ERT has been shown to slow or halt progression. In a 
recent multicenter study of 165 patients with Fabry nephropathy 
treated with ERT for 3 years there was a mean decrease in glomerular 
filtration rate (GFR) of 2.66 mL/min/1.73 m’/year for men and 
1.20 mL/min/1.73 m’/year for women with an overall reduction of 
2.22 mL/min/1.73 m°/year. There was stabilization of renal function in 
all groups of patients, even those with severe renal failure, particularly 
when used in combination with angiotensin receptor blockers and 
angiotensin-converting enzyme (ACE) inhibitors.“* ERT can reduce 
the occurrence of major renal, cardiac, and cerebrovascular events and 
also induce a decrease in neuropathic pain, an improvement in GI 
symptoms, and a reduction in left ventricular mass.** 


Lecithin Cholesterol Acyltransferase Deficiency 


Lecithin cholesterol acyltransferase (LCAT) plays a major role in high- 
density lipoprotein (HDL) metabolism by maintaining a free cholesterol 
gradient between peripheral cells and the HDL particle surface, thus 
promoting free cholesterol efflux via the liver. Mutations in the LCAT 
gene, located at 16q22, result in either familial LCAT deficiency or fish 
eye disease.” Patients with fish eye disease have a partial deficiency of 
LCAT function leading to hypoalphalipoproteinemia and the develop- 
ment of corneal opacities. Patients with familial LCAT deficiency have 
a total deficiency of LCAT function, and in addition to hypoalphalipo- 
proteinemia and corneal opacities, have mild normochromic/ 
normocytic anemia, proteinuria, and renal dysfunction.“ 


Clinical Manifestations 

LCAT deficiency is a rare, autosomal recessive disorder first reported 
in a family in Norway in 1967.* Subsequently, families from other 
parts of the world have been described. Patients present in adult- 
hood with proteinuria, anemia, and corneal opacities. Premature 


atherosclerosis can also occur.***° Renal involvement is a major cause 
of morbidity and mortality and commonly begins with proteinuria 
during childhood. The progression of renal disease is variable, with 
renal insufficiency generally developing by the fourth decade.“ Many 
patients with renal failure have received kidney transplants with good 
long-term results; however, recurrence of the morphologic changes has 
been described post-transplant.” 


Histopathology 

The glomeruli in LCAT deficiency show mesangial expansion and thick- 
ened capillary walls with lipid deposition and vacuolization resembling 
membranous nephropathy in the early stages. Later stages show mesan- 
gial sclerosis with mesangial, subepithelial, and subendothelial lipid 
deposits (Fig. 6-8). Ultrastructurally the lipid deposits are variably lucent 
to osmiophilic with cross-striated, curvilinear fibrils, rounded lamellar 
densities, and granular deposits (Fig. 6-9). Progressive glomerulosclerosis 
and accompanying interstitial fibrosis and tubular atrophy eventually 
result.” Mesangial lipid deposits have been shown to recur rapidly in renal 
allografts; however, they do not necessarily impair renal function.” 


Differential Diagnosis 

Similar lipid deposits can occur in kidneys of patients with chronic 
liver disease and cirrhosis of various etiologies, who also have elevated 
serum lipoprotein. Correlation with clinical features, family history, 
and lipoprotein studies is necessary for accurate diagnosis. 


Lipoprotein Glomerulopathy 

Apolipoprotein E (ApoE) plays a major role in lipid and lipoprotein 
metabolism. The APOE gene, located on chromosome 19q13.2, has 
three common alleles: €2, €3, and £4 that code for three main isoforms: 
E2, E3, and E4. Six common polymorphisms are APOE2/2, APOE3/3, 
APOE4/4, APOE3/2, APOE4/2, and APOE4/3. Novel missense muta- 
tions and deletions in APOE are thought to be pathogenic in lipopro- 
tein glomerulopathy (LPG).” 


Incidence and Demographics 

Lipoprotein glomerulopathy is a rare, autosomal recessive disorder 
initially described in 1987™ and named in 1989.* Patients with LPG 
are typically of Asian ancestry, mostly Japanese; however, rare cases in 
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and eosin—stained section, with variable segmental and global sclerosis as the disease progresses. B, The thickened capillary walls and expanded mesangium by lipoprotein deposi- 
tion is highlighted on the silver stain and may be confused with a paraprotein-related glomerulopathy or with an advanced membranous nephropathy. 


Phe 


Figure 6-9. Lecithin cholesterol acyltransferase 


thy. B, The deposits are variably lucent to osmiophilic, with cross-striated, curvilinear fibrils; rounded lamellar densities; and granular deposits. 


whites have been described.” The male-to-female ratio is 2: 1, and the 
disease may present in childhood.” 


Clinical Manifestations 

The clinical onset of disease is usually marked by proteinuria with slow 
progression to renal failure reported in approximately 50% of patients.” 
Patients have a characteristic plasma lipoprotein profile, usually with 
elevation of B-lipoprotein and pre-B-lipoprotein, with a twofold to 
threefold elevation in ApoE.” 


Histopathology 

The glomeruli in LPG are enlarged; the capillaries are distended and 
contain lipoprotein thrombi (Fig. 6-10). Mesangiolysis may occur as 
well as capillary wall basement membrane duplication. The thrombi 
are weakly periodic acid—Schiff (PAS) positive and silver positive and 
stain pale blue on the Masson trichrome stain (Fig. 6-11). The lipopro- 
tein material may have a vacuolated and laminated appearance and is 
strongly positive with the oil red O stain. Stains for ApoE confirm the 
composition of the deposits (Fig. 6-12). The thrombi have a finely 
laminated, pale appearance ultrastructurally and may contain numer- 
ous small vacuoles (Fig. 6-13). Basement membrane duplication and 


Figure 6-10. Lipoprotein glomerulopathy. The glomerulus in this hematoxylin and 
eosin-stained section appears enlarged with distended capillaries containing pale 
lipoprotein. Segmental mesangiolysis may be present. Care must be taken to avoid 
confusion with fibrin thrombi. 
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Figure 6-11. Lipoprotein glomerulopathy. A, The lipoprotein thombi appear pale blue 
on the Masson trichrome stain and may show vacuolization at the periphery. B, The 
lipoprotein does not stain with periodic acid—Schiff. 


Figure 6-12. Lipoprotein glom 
may be confirmed by positive immunohistochemical staining for apolipoprotein E. 


Figure 6-13. Lipoprotein glomerulopathy. A, Ultrastructurally the luminal lipoprotein 
deposits are pale and appear foamy or vacuolated. B, The foamy nature of the deposits 
is highlighted at higher magnification, and no fibrils or electron-dense deposits are 


apparent. 


remodeling may occur, as well as mesangial interposition and variable 
mesangial hypercellularity. 


Differential Diagnosis 

The capillary luminal deposits may be confused with fibrin thrombi, 
which will be fuchsinophilic on the Masson trichrome stain and will 
stain with antibody to fibrinogen. Fibrin deposits also have a charac- 
teristic electron-dense ultrastructural appearance. Amyloid deposits 
may resemble the deposits of LPG by light microscopy; however, they 
will be congophilic and show the typical fibrillary appearance of 
amyloid ultrastructurally. 


Prognosis and Treatment 

Patients with LPG have proteinuria, which may spontaneously remit; 
however, the disease leads to progressive renal failure in at least half of 
patients. Some success has been seen with intensive lipid-lowering 
therapy; however, immunosuppressive therapy, anticoagulants, plas- 
mapheresis, and low-density lipoprotein apheresis have been ineffec- 
tive.” Recurrence in renal allografts has been described.” 
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characteristic at higher magnification (B). These structures should be differentiated from the fibrils of fibrillary and immunotactoid glomerulonephritis. 


Nail-Patella Syndrome 


Nail-patella syndrome is an autosomal dominant condition character- 
ized by a classical clinical tetrad involving the nails, knees, and elbows 
and the presence of iliac horns.” Involvement of the kidneys and 
eyes as well as tendons, ligaments, and muscles has also been docu- 
mented. The clinical manifestations are variable in frequency and 
severity, and interfamilial and intrafamilial variability are seen.” 
Patients may be severely affected by one aspect of nail-patella syn- 
drome but have mild manifestations elsewhere. It is not uncommon 
for families to remain undiagnosed for generations. Synonyms 
include Hereditary osteo-onychodysplasia (HOOD), Fong disease, 
Turner-Kieser syndrome, Osterreicher-Turner syndrome, arthrodyspla- 
sia, and Touraine syndrome. 


Incidence and Demographics 

The incidence of nail-patella syndrome is difficult to accurately assess. 
The severity of the clinical features is extremely variable and may not 
be fully diagnosed over multiple generations; however, NPS is esti- 
mated to occur in 1 of 50,000 live births.” 


Etiology and Pathogenesis 

The nail-patella syndrome gene LMX1B has been localized to 9q34.1. 
LMX1B is a member of the LIM-homeodomain family of transcription 
factors, which play a fundamental role in pattern formation during 
vertebrate limb development and morphogenesis of the kidney.™ 
Because of the similarity of skeletal and renal dysplasia in nail-patella 
syndrome and Lmx1b knockout mice and mapping of the mouse 
Lmx1b to a region syntenic with human 9q34, it was hypothesized that 
mutations in the human LMX1B gene cause nail-patella syndrome. 
This was proven by demonstration of mutations in LMX1B in three 
sporadic patients with classical symptoms of nail-patella syndrome.” 
LMX1B is important in regulating type IV collagen gene expression in 
the GBM of the developing kidney and may help regulate additional 
genes important in podocyte function and maintenance.™°° 


Clinical Manifestations 

Nail (predominantly fingernail) changes are the most constant feature 
of nail-patella syndrome; nails may be absent, hypoplastic, or dystro- 
phic and may be ridged longitudinally or horizontally, pitted, discol- 
ored, separated into two halves by a longitudinal cleft or ridge of skin, 


thinned or, less commonly, thickened.” The nail changes are most 
often bilateral and symmetrical; the thumb nails are most severely 
affected. Dysplasia of toenails is usually less severe and less frequent. 
Another sign of digital involvement is loss of the skin creases overlying 
the distal interphalangeal joints of the fingers and decreased flexion of 
the distal interphalangeal joints. Knee symptoms are reported in 
approximately 74% of patients and in 75% the patellae are hypoplastic. 
Patellar dislocations occurred in 25% of patients. Patellar involvement 
may be asymmetrical. Elbow abnormalities may also be asymmetrical 
and include dysplasia of the radial head, hypoplasia of the lateral epi- 
condyle and capitellum, and prominence of the medial epicondyle, 
resulting in dislocation of the radial head. Elbow symptoms are 
reported by approximately one third of patients.” Other skeletal abnor- 
malities reported include iliac horns in 68%, ankle and foot involve- 
ment in 19%, and spinal and chest wall problems with lumbar lordosis 
in 47.1%, scoliosis in 23%, and pectus excavatum in 36%.” 

The renal manifestations of NPS are the most serious and affect 12% 
to 55% of patients. The incidence of renal disease and its severity is 
variable within and among nail-patella syndrome families. Early signs 
of renal involvement are proteinuria and occasionally hematuria. Pro- 
gression to ESRD, which occurs in 5% to 14% of patients, is generally 
slow; however, rapid progression has been described.” 


Histopathology 

By light microscopy the glomeruli in nail-patella syndrome appear 
normal or may show segmental or global glomerulosclerosis in pro- 
gressive disease. No immune complex deposition is present. The glom- 
eruli examined by electron microscopy® show characteristic thickening 
of GBM with patchy electron-lucent areas, producing a “moth-eaten” 
appearance. Bundles of fibrillary collagen are deposited in the GBM 
and occasionally within the mesangial matrix (Fig. 6-14). Podocyte 
foot process effacement is also present. 


Differential Diagnosis 

Although variable, the constellation of clinical and radiographic 
features of nail-patella syndrome is very characteristic such that 
clinical diagnosis is relatively straightforward. Patients with suspected 
nail-patella syndrome and renal disease who undergo biopsy may 
have LM findings of normal glomeruli or segmental and global glo- 
merulosclerosis, raising the possibility of minimal change disease or 
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focal segmental glomerulosclerosis; however, the GBM show charac- 
teristic intramembranous collagen fibrils of nail-patella syndrome on 
ultrastructural examination. The GBM in Alport syndrome are often 
thickened and laminated; however, they also lack the deposition of 
clusters of collagen fibrils. Fibrils in other deposition diseases, such as 
cryoglobulinemia, immunotactoid glomerulonephritis, fibrillary glo- 
merulonephritis, and amyloidosis, are distinctive, and the presence of 
immune deposits, light-chain staining, and birefringence with polar- 
ization of the Congo red stain aids in diagnosis. 

A nail-patella like nephropathy has been described in patients with 
typical GBM alterations ultrastructurally who lack the nail and osseous 
anomalies of nail-patella syndrome.” It has been suggested that these 
cases represent a separate type of GBM disease, which has been termed 
collagen type III glomerulopathy based on the finding of type III col- 
lagen fibrils within the GBM, a normal distribution of the «3 and a4 
chains of type IV collagen in the GBM, and an autosomal recessive 
mode of inheritance.” 


Prognosis and Treatment 

Those patients with renal involvement usually have slow progression 
to renal failure; however, more rapid progression in young patients has 
also been described. The factors responsible for progression are 
unknown, and prognosis is unpredictable. Renal transplantation has 
been performed in patients with nail-patella syndrome with favorable 
outcomes.” 


Acquired Partial Lipodystrophy 


Acquired partial lipodystrophy (APL) was first described by Mitchell 
in 1885 in a 12-year-old girl who developed subcutaneous fat loss over 
the face, arms, and upper body at age 8 years following an upper respi- 
ratory infection. Barraquer in 1907 and Simons in 1911 described two 
additional women with similar facial and upper body subcutaneous fat 
loss developing in childhood. The term lipodystrophia was coined by 
Simons, who referred to the disorder as lipodystrophia progressive.” 
An association with membranoproliferative glomerulonephritis and 
abnormalities of the alternative complement pathway were sub- 
sequently described.” It has also been termed Barraquer-Simons 
syndrome and progressive lipodystrophy. 


Incidence and Demographics 

Partial lipodystrophy is rare and most reported cases of APL have been 
in patients of European descent; however, patients of Asian Indian, Viet- 
namese, and Samoan descent have been described. Women are affected 
more commonly than men (4:1 to 8:1), and usually present at an older 
age than men (median age, 28 versus 18 years, respectively). The onset 
of fat loss usually occurs in childhood or adolescence, with a median age 
of 7 years; however, later onset has also been described. Seventy-five 
percent of patients have discernible fat loss before age 13 years.” 


Clinical Manifestations 

The loss of subcutaneous fat is gradual and in most patients begins in 
the face and subsequently involves the neck, upper limbs, thorax, and 
abdomen with sparing of the lower extremities. Excess fat accumula- 
tion is seen over the lower abdomen, gluteal region, thighs, and calves. 
Hepatomegaly is reported in approximately 60% of patients.” 

In most reports, infection precedes the onset of APL and in most 
cases is viral; however, onset after a bacterial infection has also been 
described. A number of cases of APL have been associated with auto- 
immune diseases, most commonly systemic lupus erythematosus; 
however, an association with vasculitis, dermatomyositis/polymyositis, 
and rarely other autoimmune disorders has been reported.” 


Low serum C3 levels are common and are present in 67% to 74% 
of reported cases. The mean age of onset of lipodystrophy is earlier in 
those patients with depressed levels of C3 when compared with those 
patients with normal levels. The C3 nephritic factor (C3NeF) is present 
in 83% of patients with APL and is associated with a younger age of 
onset. Additionally, 90.5% of APL patients with low serum C3 levels 
had positive C3NeR” 

Insulin resistance is uncommonly reported in APL, and the overall 
prevalence of diabetes mellitus and impaired glucose tolerance is 6.7% 
and 8.9%, respectively.” 

Renal disease in APL was first recognized in 1958, and, in many 
instances, biopsy has demonstrated membranoproliferative glomeru- 
lonephritis (MPGN), specifically dense deposit disease (MPGN type 
2).”‘ From the literature it is estimated that the prevalence of histologi- 
cally documented MPGN is approximately 22%; however, in one series 
describing 35 patients with APL only one had MPGN, suggesting that 
the true prevalence may be lower. Patients with APL and MPGN 
usually present with asymptomatic proteinuria and microscopic hema- 
turia; however, at more advanced stages, they may have nephrotic 
syndrome. Overall approximately 56% of patients with APL and 
MPGN had dense deposit disease; however, in some reports the biopsy 
findings were not adequately characterized. The age of onset of APL is 
lower in patients with MPGN, and low serum C3 and positive C3NeF 
are also more common in APL patients with MPGN. The median time 
between the onset of APL and the development of MPGN is approxi- 
mately 8 years but can be delayed.” 


Histopathology 

The biopsy findings in dense deposit disease are described in the 
section “Membranoproliferative Glomerulonephritis” in Chapter 4. 
Briefly, the glomeruli have a lobular appearance with mesangial and 
endocapillary proliferation. The capillary walls are thickened and 
contain interrupted, linear intramembranous electron-dense deposits 
ultrastructurally (Fig. 6-15). Mesangial deposits are also present as well 
as deposits within Bowman's capsule basement membrane and tubular 
basement membranes. In addition to the typical intramembranous 
deposits, subendothelial deposits have also been reported in patients 
with APL. 


interrupted linear, sausage-like deposits within the basement membrane and similar 
mesangial deposits ultrastructurally is characteristic of dense deposit disease regardless 
of the etiology. Correlation with clinical features is necessary. 
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The etiology of MPGN in APL is not known; however, it may be 
related to activation of the alternative complement pathway and the 
presence of C3NeF. 


Differential Diagnosis 

Differentiation of dense deposit disease from other forms of MPGN is 
discussed in the section “Membranoproliferative Glomerulonephritis” 
in Chapter 4. 


Prognosis and Treatment 

The prognosis in APL is largely determined by the presence of renal 
dysfunction. Careful follow-up and monitoring of urinary protein excre- 
tion, blood pressure, and renal function is important. The course of the 
disease is not altered by the use of corticosteroids or other cytotoxic 
drugs and is slowly progressive, with ESRD reached in approximately half 
of patients by 10 years. Patients with APL and ESRD should be offered 
renal transplantation; however, recurrence of MPGN has been reported. 


Hereditary Nephrotic Syndrome (Podocytopathies) 


Diseases caused by podocyte damage or dysfunction have been termed 
the podocytopathies.”° In a broad sense the podocytopathies include the 
morphologic entities minimal change disease (MCD), focal segmental 
glomerulosclerosis (FSGS), diffuse mesangial sclerosis (DMS), and col- 
lapsing glomerulopathy. All are characterized by podocyte injury that 
can result in no change in podocyte number (minimal change nephrop- 
athy), podocyte depletion (FSGS), and podocyte proliferation (DMS 
and collapsing glomerulopathy).”° Etiologically each can be classified 
as idiopathic, genetic, or reactive; only the genetic aspects of each are 
discussed in this section. 


Minimal Change Nephropathy 


‘Three genetic forms of MCD have been identified: (1) autosomal reces- 
sive nephrotic syndrome that presents in infancy or childhood, caused 
by mutation of NPHS2, which encodes for podocin; (2) autosomal 
dominant disease that presents as FSGS and less commonly as minimal 
change nephropathy; and (3) mutations of dysferlin (DYSF) gene, 
described in a patient with limb girdle muscular dystrophy type 2B and 
minimal change nephropathy.” 


Focal Segmental Glomerulosclerosis 


Genetic FSGS may occur as part of a syndrome (syndromic) or be 
limited to the renal system (nonsyndromic). Genetic mutations 
responsible for syndromic FSGS include mutations in GBM proteins 
(COL4 in Alport syndrome), transcription factors (WTI in Frasier 
syndrome and LMX1B in nail-patella syndrome), metabolic disorders 
(GLA in Fabry disease), and mitochondriopathies. Genetic mutations 
responsible for nonsyndromic, renal-limited FSGS include those that 
encode proteins in the actin-based cytoskeleton complex or the slit 
diaphragm complex, as well as adhesive proteins. To date the mutations 
associated with FSGS involve genes that are expressed in podocytes, 
underscoring the importance of podocyte injury in FSGS. 

The mutations most commonly associated with podocytopathies 
are in the gene NPHS2, encoding podocin on chromosome 1q25-31. 
NPHS2-associated renal disease has an autosomal recessive inheritance 
and accounts for approximately 20% of pediatric FSGS or steroid- 
resistant nephrotic syndrome.”*”° Most patients develop the disease in 
childhood; however, onset up to the fourth decade of life has been 
reported. 

Autosomal dominant, familial FSGS has been associated with three 
genetic loci: ACTN4 on chromosome 19q13.2, an unidentified gene 
near 19q13, and TRPC6 on chromosome 11q22.1. Patients with ACTN4 


mutations tend to present with renal disease later in life and progress 
more slowly to ESRD.” Patients with TRPC6 mutations present in the 
third to sixth decades and progress more rapidly to ESRD. Patients 
with mutations mapped to chromosome 19q13 present with morpho- 
logic heterogeneity similar to that seen with NPHS2 mutations, ranging 
from steroid-resistant MCD to FSGS. WTI mutations have been 
described in patients with Frasier syndrome and in genetically female 
patients with isolated FSGS. Most WT1 mutations are felt to be new 
rather than inherited mutations.” 


Diffuse Mesangial Sclerosis 


Diffuse mesangial sclerosis is characterized by mesangial matrix 
expansion with podocyte hypertrophy and mild hyperplasia. These 
lesions have a less-differentiated podocyte phenotype than the podo- 
cytes in FSGS. Many cases of DMS have a genetic basis. Congenital 
DMS is associated with WT1 mutations (Denys-Drash syndrome) and 
mutations of LAMB2, encoding for the laminin B2 chain (Pierson 
syndrome). These forms show increased expression of proliferation 
markers (Ki-67) and increased podocyte expression of cytokeratin, 
reflecting a dedifferentiated phenotype, and are associated with podo- 
cyte developmental arrest.” 

Another form of DMS is the congenital nephrotic syndrome, 
Finnish type (CNF), caused by mutations of NPHS1, which encodes for 
nephrin. Nephrin is predominantly expressed in the podocyte, where 
it localizes to the slit diaphragm. CNF has an autosomal recessive 
inheritance pattern and is characterized by the development of severe 
nephrotic syndrome in utero. Children with CNF typically die from 
complications of severe nephrotic syndrome at a young age unless 
nephrectomy and renal transplantation are performed.” The CNF gene, 
NPHS1, has been mapped to chromosome 19q13.1. Congenital 
nephrotic syndrome occurs in various ethnic groups and races; however, 
it is most frequent in Finland, where the gene frequency is 1:200 with 
an incidence of 10 to 12.5 per 100,000 live births. Two NPHS1 muta- 
tions, Fin major and Fin minor, cause most of the CNF in Finland.” 


Collapsing Glomerulopathy 


Collapsing glomerulopathy is defined by the presence of segmental 
capillary tuft collapse in at least one glomerulus associated with podo- 
cyte hypertrophy or hyperplasia.” Collapsing glomerulopathy differs 
from FSGS in that there is podocyte proliferation rather than podocyte 
depletion, and the actin cytoskeleton is absent. Ultrastructurally the 
podocytes resemble immature precursor cells. Families with arthritis 
and families with neurologic disease and collapsing glomerulopathy 
have been described, although the responsible genes have not been 
identified. Mutations in COQ2 have also been associated with collaps- 
ing glomerulopathy, suggesting a role for mitochondrial dysfunction 
in the pathogenesis of collapsing glomerulopathy.” 
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Tubulointerstitial disease refers to diseases, usually inflammatory, that 
affect the interstitium and the tubules. The term tubulointerstitial 
nephritis is often used interchangeably with interstitial nephritis. 
Tubulointerstitial nephritis can be separated into acute and chronic 
conditions, both of which can be caused by a wide array of insults, 
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immune- or nonimmune-related, primary or secondary. There is no 
universally recognized classification for tubulointerstitial diseases; 
however, a few do exist.' First thought to be solely infectious in origin, 
tubulointerstitial disease can be associated with infectious organisms, 
including, but not limited to, bacteria, viruses, and parasites, as well as 
noninfectious agents such as medications, toxins, and immune-related 
conditions, both systemic and renal-limited. Mechanical causes of 
tubulointerstitial disease (i.e., reflux and obstruction) can be infectious 
or sterile (Box 7-1). 

Therefore, the category of tubulointerstitial diseases encompasses 
many different etiologies; however, the resulting histopathologic injury 
can be quite similar regardless of the insult (Table 7-1). Essentially, the 
interstitium can demonstrate inflammation, edema, and fibrosis. The 
tubules can be acutely injured, showing signs of reversible damage or 
dedifferentiation, and can even become necrotic. The tubules can also 
be inflamed, referred to as tubulitis, or they can become atrophic due 
to chronic injury. A few conditions produce subtle variations in these 
responses that can provide clues to the underlying cause; otherwise, 
the histologic findings are mostly nonspecific, particularly if the 
condition is chronic. Specific features for each entity, if present, will 
be emphasized in this chapter. 


Tubulointerstitial Nephritis 


A diagnosis of tubulointerstitial nephritis (TIN) requires inflammation 
within the interstitium, usually with accompanying tubular injury. Not 
all interstitial inflammation is appropriately called tubulointerstitial 
nephritis, however, because chronic inflammation is often present 
within areas of interstitial scarring from any cause. Likewise glomeru- 
lar and vascular diseases can result in secondary interstitial inflamma- 
tion and tubular damage. 

When evaluating a renal biopsy for the possibility of primary TIN, 
it is important to first evaluate the glomeruli, renal vasculature, and 
tubule luminal contents to assess for a possible secondary cause. For 
instance, acute necrotizing/crescentic glomerulonephritis is often 
accompanied by an interstitial inflammatory cell infiltrate and tubular 
injury as well as tubule luminal red blood cell casts. Intratubular 
oxalate crystals such as those seen in primary hyperoxaluria also often 
elicit an interstitial inflammatory cell reaction. 


Table 7-1. Histologic Features of Tubulointerstitial Injury 
Acute Chronic 
Tubules 


Diminished tubule dimension 
Thick/wavy basement membrane 


Loss of brush border 
Thinned/simplified epithelium 
Ectatic lumen 

Denuded basement membrane 
Cellular debris in lumens 
Mitotic activity 

Intratubular inflammatory cells 


Interstitium 


Inflammation, intense 
Edema 


Inflammation, sparse 
Fibrosis 


Box 7-1. Classification of Tubulointerstitial Disease 


Adapted from Rastegar A, Kashgarian M. The clinical spectrum of tubulointerstitial nephritis. 
Kidney Int. 1998;54:313-327. 


Once it is determined that an interstitial inflammatory cell infiltrate 
is primary, the next step is to search for clues that suggest a specific 
causative agent or agents (Table 7-2). 


Acute Tubulointerstitial Nephritis 


Acute tubulointerstitial nephritis (AIN) is defined by the presence of 
inflammatory cells and edema in the interstitium, often accompanied 
by tubulitis. Unless the condition is due to bacterial infection, the 
infiltrate usually consists of mononuclear cells (lymphocytes and 
plasma cells) and is often T-cell predominant.” When the reaction is 
an allergic, hypersensitivity-type reaction, the infiltrate may contain 
variable numbers of eosinophils. So, one important fact to be aware of 
is that in the kidney acute inflammation does not mean that neutro- 
phils will be the primary infiltrating cell type, or even that they will be 
present in the infiltrate at all. Many acute reactions in the kidney 
contain only mononuclear inflammatory cells. 


Acute Infectious Interstitial Nephritis (Acute Pyelonephritis) 


One specific condition in which neutrophils are the predominant 
inflammatory cell is acute pyelonephritis due to bacterial infection. 
This can occur in the absence of obstruction or other structural abnor- 
malities. Also known as acute uncomplicated pyelonephritis, it occurs 
most frequently in women and is extremely rare in men. Women 
who have frequent bladder infections are more prone to develop 
acute pyelonephritis.* An abnormality in the interleukin-8 receptor 


Table 7-2. Morphologic Clues in Tubulointerstitial Nephritis 
Morphologic Feature Major Consideration 


Interstitial and tubular Acute pyelonephritis 


neutrophils Noninfectious acute TIN—few 
Eosinophils Allergic acute TIN 
Churg-Strauss syndrome 
Lymphocytes Mixed infiltrate—acute TIN, multiple causes 
With fibrosis—chronic TIN, multiple causes 
onomorphous infiltrate—lymphoma 
Plasma cells ixed infiltrate—chronic TIN, multiple causes 
gG4-related TIN 
Monomorphous infiltrate—plasma cell dyscrasia 
Histiocytes Xanthogranulomatous pyelonephritis 
alacoplakia 
Granulomas Drug-related acute TIN 


nfection (TB, fungal, viral) 
Sarcoidosis 


Interstitial fibrosis/tubule 
loss/little inflammation 


Chinese herb nephropathy 
Balkan endemic nephropathy 


Tubular crystals Luminal—protease inhibitors 
Proximal tubule epithelium—light-chain Fanconi 


syndrome 


Calcium oxalate Oxalate nephropathy—numerous 
Prolonged tubular injury—few 
Ethylene glycol toxicity—few 


Calcium phosphate Phosphate nephropathy 


Tubular casts Light chain—light-chain cast nephropathy 


Dense PAS positive—atrophic tubules 


Pigmented casts Rhabdomyolysis 


Viral infection 
Lead toxicity 


Nuclear inclusions 


Linear TBM staining (IF) Anti-TBM-associated TIN—lgG, C3 
Light-chain deposition disease—light chain 
(usually kappa) 


Albumin—diabetic nephropathy 


Granular TBM deposits (IF) Immune complex-associated TIN 


IF, immunofluorescence; PAS, periodic acid-Schiff; TB, tuberculosis; TBM, tubular basement mem- 
brane; TIN, tubulointerstitial nephritis. 


(CXCR1) may be responsible for a familial susceptibility to acute 
pyelonephritis.” 

The histologic diagnosis of acute pyelonephritis is based on the 
presence of neutrophils within tubule lumens (pus casts) in the setting 
of a predominantly neutrophilic interstitial infiltrate (Fig. 7-1). 
Although scattered interstitial neutrophils can be seen in almost any 
condition with tubulointerstitial inflammation, pus casts are nearly 
always pathognomonic for acute pyelonephritis and indicate an 
ascending bacterial infection from the lower urinary tract. Acute 
pyelonephritis can also result from hematogenous spread of bacteria 
or other organisms into the kidney and may demonstrate fewer pus 
casts, but maintains a neutrophil-predominant interstitial infiltrate, 
often causing microabscesses. 
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Medication-induced Acute Interstitial Nephritis 


Most often, AIN is caused by medications,’ the most common offend- 
ers being nonsteroidal anti-inflammatory drugs (NSAIDs) and antibi- 
otics (Table 7-3). The earliest known cases of drug-induced interstitial 
nephritis were due to penicillin and related compounds.’ A large and 
continuously growing list of other medications, such as antihyperten- 
sives and antivirals, are also responsible for AIN.* 

The histologic picture in drug-induced AIN is variable but typically 
shows a mixed interstitial infiltrate consisting of lymphocytes, plasma 
cells, and eosinophils (Fig. 7-2). Although eosinophils are frequently 
seen in AIN, their absence does not exclude drugs as a cause of 
injury. Other medications that can cause AIN can have, in addition 
to eosinophils, the presence of crystals (when due to antivirals) and 
granulomas. 


Chronic Tubulointerstitial Nephritis 


Acute tubulointerstitial nephritis may resolve completely or may prog- 
ress to a more chronic stage, or chronic tubulointerstitial nephritis. 
Very often, the underlying cause of chronic tubulointerstitial nephritis 
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Figure 7-1. Acute pyelonephritis. The interstitium contains a neutrophil-predominant 
inflammatory infiltrate with a neutrophil cast. 


will not be evident from the histologic findings; most chronic insults 
to the tubules and interstitium have, as an end result, a low-grade, 
mononuclear cell infiltrate combined with interstitial fibrotic expan- 
sion. The hallmark of a chronic tubulointerstitial process lies in the 
presence of atrophic tubules and interstitial fibrosis (Fig. 7-3). An 
inflammatory infiltrate of any composition that is found in the setting 
of nonatrophic tubules and no, or minimal, fibrosis is likely to be an 
acute process. That being said, acute pyelonephritis or other acute 
interstitial processes can be superimposed on tubular atrophy and 
interstitial fibrosis that may be secondary to a separate underlying 
chronic process. In these cases, the clinical history can be crucial to 
arriving at an accurate diagnosis. 

Examples of settings that result in chronic TIN include exposure to 
environmental toxins, chronic drug reactions, multiple episodes of 
acute pyelonephritis, congenital malformations leading to vesicoure- 
teral reflux, and other genetic conditions associated with tubulointer- 
stitial disease such as nephronophthisis or medullary cystic kidney 
disease. Many systemic diseases can also result in chronic TIN, such 
as Sjögren syndrome, sarcoidosis, and systemic lupus erythematosus 
(SLE). Injury to the tubules and interstitium can be due to a direct toxic 
effect or occur indirectly through activation of an immune reaction 
leading to release of cytokines and growth factors. The end result is 
progression to tubular atrophy and interstitial fibrosis. 


Table 7-3. Medications Associated with Acute Tubulointerstitial Nephritis: 
Major Classes 


Medication Class Examples 


Antibiotics Cephalosporins, ciprofloxacin, ethambutol, isoniazid, 
macrolides, penicillins, rifampin, sulfonamides, 
tetracycline, vancomycin 

NSAIDs Almost all agents 

Diuretics Furosemide, thiazides, triamterene 


Miscellaneous Acyclovir, allopurinol, amlodipine, azathioprine, captopril, 
carbamazepine, clofibrate, cocaine, creatine, diltiazem, 
Pepcid, indinavir, mesalazine, omeprazole, phentermine, 


phenytoin, pranlukast, propylthiouracil, quinine, ranitidine 


NSAIDs, nonsteroidal anti-inflammatory drugs. 


Pim 
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Figure 7-2. Drug-induced acute tubulointerstitial nephritis. In allergic type tubulointerstitial nephritis the renal interstitium contains focally numerous eosinophils (A); however, 
the interstitium may be expanded by a mononuclear inflammatory infiltrate containing primarily lymphocytes (B). 
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tubular atrophy, and a patchy mononuclear cell infiltrate with glomerular sparing. 
(Masson trichrome stain) 


Chronic tubulointerstitial injury resulting from intrarenal reflux of 
urine can occur in the presence or absence of infection. Obstruction 
of the urinary tract can also result in tubulointerstitial injury that is 
either associated with infection or is a sterile process. Medications can 
result in a chronic form of interstitial nephritis. Very often, the under- 
lying cause of chronic TIN will not be evident from the histology alone; 
clinical information, such as a history of frequent urinary tract infec- 
tions or reflux; results of radiographic studies; and a thorough search 
for ingestion of any drugs, medications, or supplements that might lead 
to tubulointerstitial injury are necessary to develop a differential diag- 
nosis or establish a definitive diagnosis. 


Immune-Mediated Tubulointerstitial Nephritis 


Tubulointerstitial inflammation associated with antibody and comple- 
ment deposition along tubular basement membranes (TBM) can occur 
as a primary condition (anti-TBM disease) or secondary to other con- 
ditions such as infections, medications, or systemic disorders. When 
the immune complexes are associated with electron-dense deposits 
ultrastructurally, the majority will be secondary. When TBM immune 
deposits are not accompanied by electron-dense deposits, the main 
consideration in the differential should be anti-TBM nephritis. 


Anti-TBM-Associated Interstitial Nephritis 


From animal experiments as well as studies in human nephropathies, 
it has become clear that the same immunopathogenic mechanisms that 
induce glomerulonephritis may also produce TIN." Primary anti- 
TBM-associated TIN is a rare entity, first described in the mid- to late 
1970s." More commonly antibodies to the TBM are reported as a 
secondary phenomenon. ‘The protein pre-procathepsin, located in the 
TBM, appears to be an antigen in anti-TBM nephritis,” along with 
several other, less well-characterized TBM constituents. 


Incidence and Demographics 

Anti-TBM antibodies have been detected in the serum of patients in a 
number of settings, ™™ including drug-induced TIN,’ anti-glomerular 
basement membrane (GBM) antibody-mediated glomerulonephritis, ° 
renal allografts,” post-streptococcal glomerulonephritis, lupus 
nephritis,” and membranous nephropathy of children.” Lindqvist 


et al.™ found elevated anti-TBM antibody titers in 15 of 69 (22%) 
patients with different forms of interstitial nephritis with a female-to- 
male ratio of 2:1. Anti-TBM antibodies are found in 50% to 70% of 
patients with anti-GBM glomerulonephritis.'’** 


Histopathology 

Morphologic features of anti-TBM-associated TIN include linear 
staining of TBMs for immunoglobulin and complement, focal destruc- 
tion of TBMs, and interstitial inflammation with occasional giant cells. 
The interstitial inflammation is primarily a mononuclear inflammatory 
cell infiltrate that may or may not contain eosinophils, typical of many 
other forms of interstitial nephritis. 


Differential Diagnosis 
The key feature that distinguishes anti-TBM nephritis from other 
forms of TIN is the presence of linear staining of the TBMs for immu- 
noglobulins and complement, primarily IgG and C3.” Distinguishing 
anti-TBM nephritis from other immune-mediated tubular injury that 
involves immune complex deposits, such as lupus nephritis or drug- 
induced TIN, rests on the finding of a linear pattern of staining in 
anti-TBM disease compared to a granular pattern in most immune 
complex-associated conditions. A notable exception to this rule is anti- 
TBM nephritis associated with membranous nephropathy, in which 
individuals present with typical clinical features of membranous 
nephropathy, such as heavy proteinuria and variable renal insuffi- 
ciency, but, in addition to glomerular, granular subepithelial immune 
deposits, biopsies show linear rather than granular TBM immune 
deposits.” It is also important to distinguish anti-TBM nephritis from 
light-chain deposition disease (LCDD), which is characterized by 
bright TBM staining for light chain, usually kappa light chain. 
Primary anti-TBM antibody-mediated TIN can be diagnosed when 
circulating anti-TBM antibodies are documented after other causes 
have been excluded. 


Sjogren Syndrome 


Sjögren syndrome is a slowly progressing autoimmune condition that 
affects many organs; in the kidney the tubules, interstitium, and glom- 
eruli can be involved.” 


Incidence and Demographics 

Sjögren syndrome affects predominantly middle-aged women with a 
female-to-male ratio of nearly 9:1. Renal disease prevalence is highly 
variable, and approximately 27% of patients have laboratory evidence 
of tubular or glomerular dysfunction.” TIN is the most common renal 
manifestation, although glomerular disease in the context of systemic 
vasculitis or associated with cryoglobulinemia and hypocomplement- 
emia can also occur.” 


Clinical Manifestations 

Most patients will present with a mild elevation in serum creatinine 
level and can exhibit signs of tubular disorders such as distal renal 
tubular acidosis, Fanconi syndrome, nephrogenic diabetes insipidus, 
or isolated hypokalemia. Low-grade proteinuria can also be seen. Most 
cases respond favorably to corticosteroids.” 


Histopathology 

The typical tubulointerstitial finding in renal Sjogren syndrome is a 
dense lymphoplasmacytic infiltrate (Fig. 7-4), which may be associated 
with interstitial edema. In chronic cases, tubular atrophy and intersti- 
tial fibrosis are seen, along with a reduced degree of inflammation. 
Rare biopsies will show deposits of TBM IgG and C3 in a granular 
pattern and tubular electron-dense deposits. 
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Figure 7-4. Sjögren syndrome. The interstitial inflammation consists predominantly of 
lymphocytes and plasma cells in Sjögren syndrome. 


Hypocomplementemic Interstitial Nephritis 


Incidence and Demographics 

Most of the patients described are older than age 50, more often male 
and white’™™”; however, the condition has also been described in a 
Japanese male.” 


Clinical Manifestations 
Low-grade proteinuria and elevated serum creatinine level are usually 
present. Serum complement levels are low, with reduced CH50, C3, 
and C4. None of the described patients had evidence of SLE or other 
autoimmune disease.”*”” 


Histopathology 

Renal biopsy demonstrates a dense though variable lymphocytic infil- 
trate, some of which may exhibit plasmacytoid features, as well as 
variable numbers of plasma cells (Fig. 7-5). In many cases there is focal 
effacement of tubular architecture with obliteration of TBMs and loss 
of tubular epithelial cells. Tubulitis is generally mild or absent. Often 
some evidence of chronicity is present, with tubular atrophy, interstitial 
fibrosis and, in some cases, compensatory hypertrophy of residual 
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Figure 7-5. Hypocomplementemic interstitial nephritis. The interstitial infiltrate is com- 


posed of lymphocytes, some of which appear plasmacytoid, and variable numbers of 
plasma cells. Interstitial fibrosis may be present. 


Figure 7-6. Hypocomplementemic interstitial nephritis. Immunofluorescence (IF) stain- 
ing demonstrates granular deposits along tubular basement membranes and in the 
interstitium that stain for IgG and light chains. 


tubules. The glomeruli appear normal except for focal mild thickening 
of Bowman’s capsule.” 

Immunophenotypically the interstitial infiltrate is a mixture of T 
cells and B cells with a variable plasma cell component. In some cases 
atypical lymphoid cells with an immunophenotypic profile seen in 
mantle zone lymphoma has been described.” 

Immunofluorescence shows granular deposits along the TBM and 
in the interstitium (Fig. 7-6). The deposits stain for IgG, kappa, and 
lambda with more variable positivity for IgM and IgA. Complement 
components, including C3 and Clq, are also present. Ultrastructurally 
finely granular electron-dense deposits are found within the TBMs and 
within interstitial collagen. Vascular deposits are rarely described.” 


Prognosis and Treatment 
Although experience is limited, most patients treated with immuno- 
suppressive therapy have shown a partial or complete response.” 


Differential Diagnosis 

TBM immune deposits may be seen in autoimmune diseases such as 
SLE and Sjégren syndrome, which should be excluded clinically and 
serologically, as well as rarely in drug-induced TIN, anti-GBM nephri- 
tis, post-streptococcal glomerulonephritis, and in renal allografts. 

Rare cases of childhood membranous nephropathy with anti-TBM 
nephritis have also been described.” 

Although hypocomplementemia is not a characteristic feature, 
TBM deposits have also been reported in the recently described auto- 
immune disorder IgG4-related TIN, which is described in more detail 
later in this chapter. 

When assessing a biopsy with TIN and TBM deposits, it is impor- 
tant to fully evaluate the glomeruli for immune deposits and evidence 
of a secondary process such as lupus nephritis. Immunohistochemical 
staining for IgG4 may also prove useful. Correlation with clinical fea- 
tures and serologic results is critical. 


Connective Tissue Diseases 


Systemic diseases can cause tubulointerstitial injury associated with 
immune deposits; foremost among these are the connective tissue/ 
collagen vascular disorders, primarily SLE. Mixed connective tissue 
disease and rheumatoid arthritis are sometimes associated with TIN. 
Rarely in these diseases is tubulointerstitial involvement seen without 
glomerular or vascular pathology. 
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Histopathology 

‘The tubules show a variety of alterations depending on the type, class, 
and severity of the overall renal disease. In the acute setting, tubules 
may show cytoplasmic vacuolation, thinning, sloughing, and reactive 
changes. The interstitium can contain an inflammatory infiltrate of 
varying intensity, composed primarily of lymphocytes with occasional 
plasma cells. Inflammatory cells can infiltrate the tubules (tubulitis). 
With chronic disease, tubular atrophy and interstitial fibrosis are often 
seen. 

Just as the “full house” pattern of immune glomerular deposits is 
nearly pathognomonic for lupus nephritis, the very distinct combina- 
tion of glomerular, vascular, and tubulointerstitial immune deposits is 
unique to lupus nephritis. Although the glomerular picture usually 
predominates, in some cases there is marked tubulointerstitial immune 
complex deposition—primarily IgG and C3, but not infrequently 
Clq (Fig. 7-7). In addition, nuclei of tubules as well as other renal 
structures will sometimes show positive staining for immunoglobulins 
(Fig. 7-8). Electron microscopy reveals corresponding dense deposits 
(Fig. 7-9). 


Figure 7-7. Lupus nephritis. Immunofluorescence staining for IgG shows granular 
immune complex deposition along tubular basement membranes. 


Figure 7-8. Lupus nephritis. Tubule cell nuclei may also stain for immunoglobulin and 
complement in lupus nephritis. 


IgG4-Related Kidney Disease 


IgG4-related disease is a recently recognized systemic autoimmune 
disease that often manifests as inflammatory masses in different organs 
and, in the kidney, most commonly causes TIN (IgG4-TIN); however, 
glomerular lesions, particularly membranous nephropathy, may also 
be seen.” 

Tubulointerstitial nephritis has recently been shown to be associ- 
ated with IgG4-related systemic autoimmune conditions, particularly 
when these are associated with pancreatic involvement. Autoimmune 
pancreatitis is an inflammatory process that has been recognized since 
the 1950s.” A chronic sclerosing pancreatitis associated with systemic 
diseases such as Sjégren syndrome, primary sclerosing cholangitis, 
primary biliary cirrhosis, and ulcerative colitis,” autoimmune pancre- 
atitis was found to be associated with IgG4-producing plasma cells and 
high circulating levels of serum IgG4.**” Later reports have identified 
other organ systems involved by IgG4-producing cells and a fibrosing 
inflammatory reaction.” 


Incidence and Demographics 

Most patients reported with IgG4-TIN have been male and older than 
age 45. Takahashi et al.“ have shown that as many as 35% of 
patients with autoimmune pancreatitis may have renal involvement. 
More than 80% of patients have other organ involvement, either con- 
currently or before recognized renal involvement. The most common 
extrarenal sites include pancreas and liver, salivary or lacrimal glands, 
lung, gallbladder, heart, skin, retroperitoneum or ureter, sinuses, 
lymph nodes, joints, prostate, pituitary, thyroid, and colon, as well as 
pseudotumors of the orbit, paraspinal soft tissue, and testis.*' 


Clinical Manifestations 

Many patients come to medical attention due to extrarenal symptoms, 
though some patients present with renal insufficiency or renal masses. 
Other clinical features vary, but there is usually clinical and serologic 
evidence of pancreatobiliary disease and sometimes systemic auto- 
immune disease, including low complement levels, peripheral 
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Figure 7-9. Lupus nephritis. Tubular basement membrane deposits may also be seen 
ultrastructurally (arrows). 


eosinophilia, and positive antinuclear antibodies (usually low titer). 
Most patients have reduced renal function without significant hema- 
turia or proteinuria, unless concurrent membranous nephropathy is 
present. Total serum IgG is elevated with a marked increase in the IgG4 
subtype.’™* 


Radiologic Features and Gross Pathology 

IgG4-TIN can be mistaken for cancer and often produces a mass 
lesion, whether it is present in the pancreas, lymph nodes, or kidneys. 
The lesions are best visualized on contrast-enhanced CT and are clas- 
sified as small peripheral cortical nodules, round or wedge-shaped 
lesions, a large solitary mass, or diffuse patchy involvement’! 


(Fig. 7-10). 


Histopathology 
In the kidney, a biopsy from a patient with IgG4-TIN may show very 
nonspecific findings of a mononuclear infiltrate (Fig. 7-11). Usually, 


however, the infiltrate contains large numbers of plasma cells and 
lymphocytes, with variable numbers of eosinophils. The inflammation 
is usually associated with sclerosing features and can affect both the 
cortex and medulla. The interstitial fibrosis can have a swirling or 
storiform pattern. Special studies using immunohistochemical staining 
and antibodies to IgG4 will demonstrate granular deposits of IgG4 
along TBMs” and staining of interstitial plasma cells (Fig. 7-12). 


Tubulointerstitial Nephritis-Uveitis Syndrome 

First described by Dobrin and associated in 1975,“ tubulointerstitial 
nephritis-uveitis syndrome (TINU) is a rare condition with inflamma- 
tion of the renal interstitium and uvea of the eye. 


Incidence and Demographics 

TINU affects young women, with a female-to-male ratio of 2:1 to 3:1. 
The median age of diagnosis is 15 years, although some authors report 
an older age of onset.” 


Figure 7-10. |gG4-related TIN. Transverse contrast-enhanced CT image shows mul- 
tiple well-defined wedge-shaped low-attenuation lesions in both kidneys (arrows). The 
pancreas is normal. (Courtesy of Dr. Naoki Takahashi, Department of Radiology, Mayo 
Clinic, Rochester, MN) 


chyma and is composed of lymphocytes and plasma cells with variable numbers of 
eosinophils. The glomeruli are spared. 


plasma cells (B). 
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Clinical Manifestations 

The renal symptoms include tubular dysfunction presenting as Fanconi 
syndrome, mild proteinuria and hematuria, and acute renal failure. 
Uveal inflammation presents as eye pain and redness in more than 
75% of patients.“ Constitutional symptoms, such as fever, fatigue, 
and weight loss, are also seen. The uveal inflammation may precede 
the renal disease, or vice versa. Approximately 20% of patients present 
with uveitis before kidney abnormalities, and concurrent onset may 
occur in approximately 15%.“ The pathogenesis of TINU is unclear; 
some association with autoimmune conditions has been reported, as 
well as immune system dysfunction and infectious organisms. “^ “° 


Histopathology 

The ocular disease is characterized by anterior uveitis that may be 
granulomatous in some cases.” A diffuse inflammatory infiltrate con- 
taining primarily lymphocytes and plasma cells, with variable eosino- 
phils (Fig. 7-13), is present in the renal parenchyma. Noncaseating 
granulomas can be present, but are not necessary for diagnosis. Tubu- 
litis with epithelial cell injury can be a prominent feature. Glomeruli 
and vessels are uninvolved. Immunofluorescence and electron micro- 
scopic studies are usually negative. 


Prognosis and Treatment 
Often, the renal involvement resolves without treatment, although 
most cases respond to corticosteroids. Approximately 10% are left 


Figure 7-13. Tubulointerstitial nephritis-uveitis syndrome. The inflammatory infiltrate 
is composed of lymphocytes and plasma cells with variable numbers of eosinophils. 
Noncaseating granulomas may be present. 


Table 7-4. Granulomatous Interstitial Nephritis: Differentiating Features 


Medications Fungal Infection 


Type of granuloma Noncaseating Caseating 


Other inflammation Lymphocytes, PC, macrophages 


Confirmatory studies None PAS, silver stains 


Other organs Rare Lung, systemic 
Gender predominance None None 
Racial predominance None None 


AFB, acid-fast bacteria; PAS, periodic acid-Schiff; PC, plasma cells; PCR, polymerase chain reaction. 


PMNs, mononuclear, may see abscesses 


with residual renal dysfunction, and few require renal replacement. 
Although the ocular disease recurs frequently, it is uncommon for the 
TIN to recur. 


Granulomatous Tubulointerstitial Nephritis 


Granulomatous tubulointerstitial nephritis (GIN) is a relatively uncom- 
mon diagnosis, reported in fewer than 1% of kidney biopsies.” The 
most frequent associations with GIN are medications, infections, gran- 
ulomatosis with polyangiitis (formerly Wegener’s granulomatosis) or 
other vasculitic processes, heavy metal exposure, sarcoidosis, and 
idiopathic disease (Table 7-4). It is extremely difficult to distinguish 
histologically among the various causes; as a result, sarcoidosis and 
idiopathic GIN are essentially diagnoses of exclusion. A few subtle 
differences in the histologic presentation can suggest the underlying 
cause, but a thorough review of patient history, laboratory findings 
and, particularly, medications is usually necessary to pinpoint the 
inciting factor. 


Localization and Clinical Manifestations 

Granulomatous inflammation can be found in both the cortex and 
interstitium. Occasionally, granulomas can be identified within the 
extrarenal soft tissue that can be present in a biopsy specimen. ‘This is 
not unusual in the transplant setting but has also been seen rarely in 
the setting of sarcoidosis. 


Radiologic Features and Gross Pathology 

Radiologically, the kidney involved by GIN may show diffuse changes, 
such as enlargement or diffuse echogenicity, suggestive of medical 
disease. Focal lesions are not common, given the small granulomas 
that are usually formed. Most commonly, the lesions are noncavitary, 
though in tuberculosis-associated disease, the granulomas will be seen 
as cavitary lesions.” 


Causes of Granulomatous Interstitial Nephritis 
Drugs 
A number of drugs have been shown to cause GIN. This response, as 
in nongranulomatous AIN, is idiosyncratic, may develop early in the 
course of treatment, or may become manifest after relatively long 
periods of drug intake. Removal of the offending agent typically results 
in recovery of renal function, though in chronic cases, there may be 
residual functional impairment. The most common agents of drug- 
induced GIN are the fluoroquinolones, one of the most commonly 
prescribed being ciprofloxacin. Other drugs that have been associated 
with GIN include NSAIDs, penicillin, sulfa, and diuretics! 

The hallmark of drug-induced GIN is focal, noncaseating granulo- 
matous inflammation, usually localized to the cortex and associated 


Mycobacterial Infections Sarcoidosis 


Caseating Noncaseating 


Macrophages, giant cells, lymphocytes Lymphocytes, calcium 
AFB stain, PCR None 

Lung, systemic Lungs, lymph nodes, eyes, skin 
None Female 


None Black 
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with more diffuse interstitial inflammation consisting of lymphocytes 
and plasma cells with variable numbers of eosinophils. The granulo- 
matous foci are often vaguely granulomatous, rather than classic well- 
defined structures, and may or may not contain multinucleated giant 
cells or the distinctive collar of lymphocytes (Fig. 7-14). 


Fungal Infections 

Histoplasma and Cryptococcus are the most common fungal causes of 
GIN. The most common fungal infection to affect the kidneys, however, 
are Candida species. Other renal fungal infections include Aspergillus, 
Blastomyces, Nocardia, and Actinomycetes. These infections are seen 
primarily in immunosuppressed individuals and in diabetic patients. 
Fungal infections can be the result of either hematogenous spread or 
ascending infection from the bladder. Gross and microscopic features 
resemble bacterial acute pyelonephritis but have a more prominent 
mononuclear cell infiltrate. Abscesses may be present. Fungal elements 
may be identified by periodic acid-Schiff (PAS) and silver stains 
(Fig. 7-15). 


Mycobacterial Infections 
Although quite uncommon in industrialized countries, Mycobacte- 
rium tuberculosis (TB) is the most common cause of caseating GIN. 


Figure 7-14. Drug-related granulomatous TIN. These non-necrotizing granulomas are 
secondary to therapy with the bisphosphonate alendronate sodium. 


Figure 7-15. Fungal granulomatous TIN. Numerous Candida organisms are present 
in the kidney of an immunosuppressed patient. (Gomori-Grocott methenamine silver 
[GMS}) 


Renal TB is typically a result of hematogenous spread to the kidneys. 
When TB is spread hematogenously or by the lymphatics, the result 
is numerous small lesions spread throughout the renal parenchyma 
(miliary TB). The classic lesions of caseating granulomas with epithe- 
lioid macrophages, lymphocytes, and Langhans giant cells are present. 
Ziehl-Neilsen stain or PCR can be used to identify the organisms. In 
the United States, most cases of renal TB are diagnosed in immuno- 
suppressed individuals, particularly transplant recipients; in other 
countries, the infection is usually secondary to AIDS. 


Sarcoidosis 

Sarcoidosis is a systemic disease of unknown cause that affects many 
organs, frequently the lymph nodes, lungs, kidneys, eyes, and skin. 
Although sarcoidosis has been recognized since the late 1800s,>°°° 
the etiology of sarcoidosis remains largely an enigma; evidence 
suggests a disorder of the immune system, combined with other 
factors, such as genetic propensity, and exposure to various environ- 
mental agents.” Seasonal as well as geographic clustering of sarcoidosis 
has been reported, suggesting environmental exposure, and some 
research has been aimed at identifying a microbial basis for the 
disease. However, newer studies indicate that specific genetic poly- 
morphisms are associated with an increased risk of sarcoidosis.* 
The incidence of sarcoidosis varies from approximately 15 to 20 indi- 
viduals per 100,000. Blacks are more frequently affected than whites 
and females slightly more than males. The most frequently involved 
organ systems are the pulmonary and lymphatic, though no organ 
is immune. Presentation varies depending on organ involvement; 
frequent signs include dry cough, skin or eye nodules, and vague 
systemic symptoms of fatigue, weight loss, or fever. The reported 
prevalence of renal involvement in sarcoidosis varies widely, from 
less than 10% to more than 35% of cases. Commonly, renal involve- 
ment stems from the systemic calcium disturbances found in 
sarcoidosis—namely, hypercalcemia and hypercalciuria, leading to 
glomerular and tubular dysfunction, as well as nephrocalcinosis and 
nephrolithiasis. Acute or chronic renal failure can occur rarely due to 
interstitial nephritis, glomerular diseases of various types, and tubular 
dysfunction.” 

One of the characteristic radiologic features of sarcoidosis is bilat- 
eral hilar lymphadenopathy on chest x-ray. CT scans also demonstrate 
lymphadenopathy. CT can demonstrate low-density, noncalcified 
masses within the kidney.” Scintigraphic investigations to identify 
abnormal uptake of isotopes, such as gallium-67 citrate and '*"fluoro- 
2-deoxyglucose, have been used primarily to identify extrapulmonary 
sites of involvement.” Grossly, the kidneys may show no abnormali- 
ties or may contain nephrolithiasis as the only macroscopic indication 
of the process. Hydroureteronephrosis can be present secondary to the 
nephrolithiasis. 

The characteristic feature of renal sarcoidosis morphologically is 
non-necrotizing epithelioid granulomas, usually with multinucleated 
giant cells (Fig. 7-16). The central region of the granulomatous inflam- 
mation contains large cells with abundant pale cytoplasm, which are 
surrounded by lymphocytes. Nephrocalcinosis appears as aggregates 
of calcium in the interstitium or within tubular epithelium. Calcium 
deposits can be found within the granulomatous areas as well, some- 
times within the giant cells. Two histologic findings that are described 
in association with sarcoidosis, but are nonspecific, are asteroid 
bodies—stellate giant cell inclusions (Fig. 7-17)—and Schaumann 
bodies—laminated concretions of calcium combined with protein- 
aceous material. In the chronic stages, sarcoid granulomas may become 
fibrotic. In addition to GIN, the kidneys may be affected in sarcoidosis 
by hypercalcemia, leading to functional abnormalities as well as neph- 
rocalcinosis and nephrolithiasis. 
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Drug-Related Chronic Tubulointerstitial Injury 
Lithium Nephrotoxicity 


Lithium is commonly used for treatment of bipolar depression and has 
been used for treating a myriad of psychiatric disorders for centuries. 
Lithium is known to affect renal function through physical and func- 
tional mechanisms. Impaired concentrating ability of the nephron 

leads to sodium loss, partial distal tubular acidosis, and nephrogenic 
St REESE We tte eta, diabetes insipidus.” These alterations can persist in some patients even 
Be after discontinuation of the drug. 


Histopathology 
Acute lithium toxicity manifests as nonspecific cell injury, such as 
sees 4 > vacuolation, simplification, and reactive nuclear changes. In some 
i i A Ke ine Se SEA TE S/T _ biopsies, glycogen deposits can be identified within the cytoplasm of 
AA i, 2 TE lige tubular epithelium.” Tubular atrophy and interstitial fibrosis have 
Ai g bait eee ire Beas $ been reported as chronic findings in people taking lithium for decades 


(Fig. 7-18).°°° In addition to these chronic effects of lithium, radio- 
logic studies of patients taking lithium, as well as biopsy specimens, 
show tubular microcyst formation.” 


Figure 7-16. Sarcoidosis. The mixed interstitial inflammatory cell infiltrate may be 
accompanied by non-necrotizing granulomata. 


Chinese Herb Nephropathy/Balkan Endemic Nephropathy 


These two conditions have similar histologic appearances and may 
have a shared pathogenesis. A distinct geographic localization of 
Balkan endemic nephropathy (BEN), along the Danube River and its 
tributaries in Balkan countries, distinguishes it from Chinese herb 
nephropathy (CHN), which occurs in Asian as well as Western popula- 
tions. Aristolochic acid (AA) has been considered a causative agent for 
both CHN and BEN. At least eight different herbs containing AA have 
been associated with development of CHN.™® Ochratoxin A (OA), 
found in some molds, has also been implicated in development of BEN. 
High levels of OA have been found in individuals within the affected 
areas.” Three similar renal diseases—an endemic interstitial nephropa- 
thy in Tunisia, porcine nephropathy, and karyomegalic interstitial 
nephropathy—are thought to be caused by OA.” The final determinant 
for developing these diseases is likely multifactorial and includes 
genetic susceptibility to environmental agents, as demonstrated in 
studies of Bulgarian families with instability in the long arm of 
chromosome 3.” 
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Figure 7-18. Lithium toxicity. Chronic lithium toxicity is characterized by interstitial fibrosis and tubular atrophy (A,B). 
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Histopathology 

The typical histologic features of both CHN and BEN are extensive loss 
of tubules and interstitial fibrosis, with relative preservation of glom- 
eruli. There is often a mild, focal to diffuse mononuclear infiltrate, 
though in some cases, very little inflammation is present (Fig. 7-19). 
Animal studies suggest there may be an early intense inflammatory 
reaction that, combined with tubule cell apoptosis, underlies the devel- 
opment of chronic injury.”””* Immunofluorescence studies are essen- 
tially negative. 


Prognosis and Treatment 

There is a high rate of urothelial carcinomas in these patients.” Clini- 
cally, these conditions are associated with insidious loss of renal func- 
tion and rapid progression to end-stage, with 2-year kidney survival 
of 15% to 20%.” In some cases, patients can present with Fanconi 
syndrome.” There are rare reports of renal function stabilization or 
improvement.” 


Protease Inhibitor-Related Nephropathy 


Indinavir is a potent protease inhibitor that is widely used in combina- 
tion with reverse transcriptase inhibitors to treat HIV disease. Patients 


Figure 7-19. Chinese herb nephropathy. There is near- complete loss m T and 
replacement by a fibrotic interstitium. Numerous crowded unremarkable-appearing 
glomeruli are present, dich loss of tubulointerstitium. 
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treated with indinavir may develop urinary complications, including 
renal calculi, lower urinary tract symptoms, and crystalluria.” 


Incidence and Demographics 

In general, 10% to 20% of patients receiving indinavir have asymptom- 
atic crystalluria, and approximately 4% have loin pain and hematu- 
ria. > The overall incidence of indinavir nephropathy is 7.3% in HIV 
patients, and the risk is increased in those treated concomitantly with 
acyclovir.” 


Histopathology 

Intraluminal formation of indinavir crystals leads to tubular obstruc- 
tion, resulting in interstitial inflammation, focal granuloma formation, 
and chronic interstitial fibrosis (Fig. 7-20). 


Differential Diagnosis 

Other commonly used medications that are associated with the pro- 
duction of crystals that are insoluble in human urine include acyclovir, 
foscarnet, sulfonamide, ciprofloxacin, methotrexate, triamterene, 
primidone, and high doses of vitamin C.* Intratubular precipitation 
of these crystals can lead to acute renal insufficiency. A few medica- 
tions cause crystalluria only, and urine microscopic examination may 
be helpful.” 


Papillary Necrosis 


Papillary necrosis can be a consequence of several conditions, includ- 
ing analgesic nephropathy, diabetes mellitus, sickle cell disease, and 
urinary tract obstruction with infection, among others. 


Incidence and Demographics 

An autopsy study examining more than 600 adult patients between 
2000 and 2002 demonstrated that only 0.2% of kidneys showed evi- 
dence of classic analgesic nephropathy; papillary necrosis associated 
with pyelonephritis, hydronephrosis, and vascular disease from other 
causes were detected in 0.8% of cases.” The incidence of papillary 
necrosis in diabetics is quite high compared to nondiabetics, at a rate 
of 3% to 7%. Infection-related papillary necrosis is found commonly 
in diabetic patients. Contrast-enhanced CT is a useful tool for detect- 
ing papillary necrosis from any cause.“ The primary etiology of the 
disease regardless of the inciting illness or condition is felt to be isch- 
emic. Women are approximately six times more likely than men to 
suffer from papillary necrosis, e from ailgin” 
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Figure 7-20. Taere TIN. The mixed interstitial inflammatory cell infiltrate may contain small granulomas (A) with associated crystals (B). 
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Figure 7-21. Papillary necrosis. The cut surface of the kidney shows brown discolor- 
ation of the renal papillae due to necrosis (arrows). 


Clinical Manifestations 

Often no symptoms are associated with papillary necrosis, unless the 
extent of injury is severe and results in sloughing of the papilla or is 
associated with infection. Flank pain may follow sloughing of the 
papilla. Clinical signs associated with papillary necrosis include 
reduced renal function, with increased serum creatinine, a concentrat- 
ing defect, and distal renal tubular acidosis. Hypertension, fever, and 
hematuria may also be present. 


Gross Pathology 

Grossly, papillary necrosis may not be visible. The kidneys may be 
smaller than normal. The surface may show indentations due to under- 
lying cortical scars. The cut surface may reveal the papillary lesions, 
which vary from focal fibrosis or necrosis in the papilla or papillary 
tip, to complete papillary necrosis (Fig. 7-21). In extreme cases, the 
papillae may undergo dystrophic calcification, or the entire necrotic 
papilla may slough into the renal pelvis. 


Histopathology 

Histologically, papillary necrosis has the classical appearance of coagu- 
lative necrosis, with a pale central region and surrounding rim of 
inflammatory cells (Fig. 7-22). 


Analgesic Nephropathy 


Analgesic nephropathy was first described by Spuhler and Zollinger in 
1953.*° Studies that followed in the late 1980s and into the 1990s sug- 
gested that phenacetin-containing compounds, when taken in large 
quantities, were most likely to be the cause of analgesic nephropathy.” 
Fewer cases of analgesic nephropathy have been seen recently since the 
removal of phenacetin from the market; however, combination anal- 
gesic use (acetaminophen taken together with other analgesics) is 
common and may increase susceptibility to injury, particularly in the 
presence of caffeine or codeine.” A combination of factors (e.g., dia- 
betes plus obstruction or infection) is likely to be causative in many 
individuals. 

Sclerosing lesions of the capillaries between the tubules are the 
hallmark of analgesic nephropathy (Fig. 7-23). The tubules eventually 
develop dystrophic calcification and become necrotic, leaving ghost- 
like structures. The calcification can sometimes be identified radiologi- 
cally. The vascular lesion leads to necrosis of the papillary tissue and 
eventual scarring. Papillary necrosis can be so severe that portions of 
tissue are sloughed into the urine. In the cortex, the glomeruli may 
become sclerotic with associated tubular atrophy and interstitial 


RE sa i n uA EEN ae ee 
Figure 7-22. Papillary necrosis. This low-magnification image shows near-complete 
loss of structure within the renal papilla due to necrosis and focal calcifications (A). At 
higher magnification the papillary tip is necrotic with focal calcifications, a rim of 
inflammation, and a more preserved medulla (B). 


Figure 7-23. Analgesic nephropathy. Several capillaries show peripheral calcification 
typical of changes due to analgesic nephropathy (arrows). 


Tubulointerstitial Diseases 


Figure 7-24. Acute pyelonephritis. Grossly the surface of the kidney shows variably sized, white to pale yellow foci of abscess formation (A, fixed specimen; B, fresh specimen). 


fibrosis, producing a nonspecific picture of chronic injury that cannot 
be distinguished from other causes, particularly on needle biopsy, 
which often lacks medullary tissue. The cortical lesions and to a great 
degree the medullary changes in analgesic injury are nonspecific and 
can be accurately interpreted only when combined with clinical and 
radiologic evidence. 


Infection-Related Tubulointerstitial Injury 
Acute Pyelonephritis 


Acute pyelonephritis is an acute infection of the kidneys, usually 
involving the pelvis and calyces but, if severe enough, also affecting the 
cortex. Acute pyelonephritis is most commonly a result of an ascending 
bacterial infection from the lower urinary tract. This type is known 
as acute nonobstructive pyelonephritis. Escherichia coli is the most 
common causative organism and is responsible for 81% to 84% of cases 
in females and 71% to 74% of cases in males.” Most cases of nonob- 
structive acute pyelonephritis are not seen by a pathologist because 
they are readily diagnosed by clinical history and laboratory workup. 
Acute pyelonephritis can also occur as a result of obstruction. Acute 
pyelonephritis can rarely result in acute loss of renal function; however, 
prolonged, severe, or repeated bouts can result in chronic renal insuf- 
ficiency or failure. 


Incidence and Demographics 

Acute pyelonephritis occurs more commonly in women than in men 
owing primarily to more frequent bladder infections” as a result of 
the shorter urethra and proximity of the urethral opening to the 
rectum. In boys with abnormal ureteral valves, acute pyelonephritis is 
a frequent complication. Individuals with diabetes or compromised 
immune systems and pregnant women are also at greater risk. The 
incidence of acute pyelonephritis increases with age. Nephrolithiasis 
and other causes of obstruction also predispose to the condition. A 
2007 study demonstrated an annual incidence of approximately 15 to 
17 cases per 10,000 persons in women and 3 to 4 cases per 10,000 
persons in men.” 


Clinical Manifestations 

Clinical signs and symptoms of acute pyelonephritis overlap with many 
of those associated with lower urinary tract (or bladder) infection. 
These include urinary urgency, pain and burning on urination, and 
abnormal urine color or odor. In addition, due to kidney involvement, 
many patients will present with flank or back pain and fever. Other 
signs and symptoms that are common include fatigue, nausea, and 


vomiting. Urinalysis usually shows white blood cells and can demon- 
strate bacteria. Microscopic hematuria can be seen. Urine culture is 
typically positive. If bacteremia or sepsis is present, blood cultures will 
be positive. In severe cases, serum creatinine and BUN may be ele- 
vated. If an intravenous pyelogram or abdominal CT scan is per- 
formed, the kidneys may show enlargement. These tests can also 
demonstrate underlying structural abnormalities that can predispose 
to pyelonephritis. 


Gross Pathology 

The kidney surface is dotted with numerous pale yellow abscesses. The 
kidneys may be swollen and enlarged, and the cut surface may bulge. 
The parenchyma contains scattered small abscesses, and in the medulla 
streaks of yellow may be seen corresponding to tubules filled with acute 
inflammatory cells and necrotic cellular debris (Fig. 7-24). In the non- 
obstructive form, areas of normal parenchyma will be present between 
affected foci. In obstructive forms, foci of abscesses or complete 
involvement of the parenchyma are found. Necrosis of the papilla can 
be seen in rare cases, particularly in diabetic patients. 


Histopathology 

The histologic findings in acute pyelonephritis are characteristic 
regardless of the bacterial agent or the presence or absence of obstruc- 
tion. The parenchyma is infiltrated by large collections of neutrophils, 
sometimes forming microabscesses with destruction of tubules (Fig. 
7-25). Other tubules contain neutrophils within the lumen (Fig. 7-26). 


rly 2 sh oh ae Meu oe 
fa : bse ae 
F s + be Ss f- as i 


n 
ie 
Phol 


tot ok 


a microabscess. An unremarkable glomerulus is present in the upper right. 
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Figure 7-26. Acute pyelonephritis. A tubular neutrophilic cast is surrounded by an 
edematous and inflamed interstitium, which also contains neutrophils. Adjacent tubules 
show neutrophilic tubulitis. 


These can form casts of the lumen that can be observed in the urine 
and are referred to as pus casts. On low power, streaks of interstitial 
inflammatory cells are seen projecting from deep in the medulla 
toward the cortex. Glomeruli and vessels are generally spared even in 
severe cases. Special stains for bacteria, such as Gram stain, can reveal 
colonies of bacteria. 


Treatment and Prognosis 

Antibiotics are the gold standard of treatment for acute pyelonephritis. 
Urine and/or blood culture will provide sensitivity characteristics for 
the causative organism. Underlying factors, such as valve defects or 
structural abnormalities leading to reflux or obstruction, should be 
sought in recurrent cases. Prognosis is generally excellent with proper 
therapy. If sepsis occurs, complications such as disseminated intravas- 
cular coagulation may ensue and death can occur but is rare. 


Chronic Pyelonephritis and Reflux Nephropathy 


Reflux of urine from the bladder into the ureters and renal parenchyma 
produces tubulointerstitial injury, inflammation and, in severe cases, 
hydronephrosis. Reflux of urine can be a sterile process or can be 
associated with bacteria that can produce pyelonephritis. Chronic 
pyelonephritis is characterized by interstitial inflammation and 
fibrosis and tubular atrophy and can be caused by recurrent acute 


pyelonephritis, urinary obstruction, and reflux disease. In 1960, 
Hodson and Edwards described the importance of reflux in the devel- 
opment of chronic pyelonephritis.” The pathogenesis of chronic pyelo- 
nephritis does not depend on an infectious process. 


Clinical Manifestations 

Signs and symptoms of chronic pyelonephritis are the same as those 
for most other chronic renal diseases: weakness, loss of appetite, hyper- 
tension, and anemia. Uremic symptoms can occur at end-stage. 


Radiologic Features and Gross Pathology 

The diagnosis of chronic pyelonephritis is best made radiographically 
and at the gross level. Ultrasound is usually performed to assess for 
hydronephrosis or hydroureteronephrosis, to exclude structural abnor- 
malities, and to demonstrate calculi. In reflux nephropathy, the kidneys 
may be small, the pelvis is dilated, and clubbing (or dilation) of the 
calyces is seen. These changes will be more pronounced at the poles of 
the kidneys (Fig. 7-27). In obstructive chronic pyelonephritis, the 
changes will be more diffuse, the cortex may become thinned uni- 
formly, and scarring will be present throughout the cortex and medulla. 
In chronic pyelonephritis, CT may show reduced kidney size, deep 
scars, and dystrophic calcification. 


Histopathology 

The predominant histologic features in any form of chronic pyelone- 
phritis are tubular atrophy, interstitial fibrosis, and an interstitial 
inflammatory infiltrate. These changes will be identifiable directly 
underlying the broad surface scars in reflux nephropathy, with adjacent 
normal parenchyma. In obstructive forms, these changes are present 
throughout the kidney, and the cortex can be thinned. The tubuloint- 
erstitial scarring and inflammation are extremely nonspecific as they 
can be seen in many forms of chronic renal disease. A particular form 
of tubular atrophy, known as thyroidization (a collection of atrophic, 
flattened, dilated tubules containing eosinophilic proteinaceous mate- 
rial resembling thyroid tissue), is often seen in chronic pyelonephritis, 
but it is by no means diagnostic and can be seen in other forms of 
chronic renal disease (Fig. 7-28). The interstitial inflammation is vari- 
able in intensity and can be almost absent in some cases of severe 
scarring. The presence of lymphoid follicles has been suggested as a 
clue to a previous infectious process. Glomerular changes are also vari- 
able. In areas of scarring, glomeruli tend to be clustered close together 
due to the loss of tubules. Many of the glomeruli will be normal, 
appearing within a sea of tubulointerstitial scarring (Fig. 7-29). Some 


erentially thinned at the poles (B). 
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Figure 7-28. Chronic pyelonephritis. A nonspecific finding in any form of chronic renal 
cortical injury is crowded atrophic tubules containing dense hyaline-type casts, some- 
times referred to as thyroidization. 


Figure 7-29. Chronic pyelonephritis. There is extensive tubular atrophy and interstitial 
fibrosis with a patchy mononuclear inflammatory cell infiltrate. The crowded glomeruli 
have thickened Bowman's capsules. 


glomeruli will be shrunken and sclerotic, with thickened and fibrotic 
capsules. Particularly in reflux nephropathy, focal segmental glomeru- 
losclerosis can be present, possibly as a result of hyperperfusion of 
remnant nephrons. Similar tubulointerstitial scarring can be seen in 
almost all forms of chronic kidney injury, such as hypertension, sys- 
temic diseases that affect the kidney, and secondary injury from glo- 
merular diseases. Clues to these other causes of scarring should be 
sought to better define the underlying process. It may be possible to 
suggest the more specific diagnosis of chronic pyelonephritis if signs 
of an acute pyelonephritis are also present, particularly if there is a 
history of prior urinary tract infections complicated by pyelonephritis 
(Fig. 7-30). 


Treatment and Prognosis 

As in other forms of chronic renal injury and scarring, once tubular 
atrophy and interstitial fibrosis develop, little can be done to reverse 
the trend toward chronic renal insufficiency and end-stage renal 
disease. When infectious processes, obstruction, or reflux are identified 


early, treatment of the inciting condition can stem the progression to 
renal failure. 


Special Bacterial Infectious Processes 


Malacoplakia, megalocytic interstitial nephritis, and xanthogranulo- 
matous pyelonephritis (XGP) are examined together because of their 
similarities and the suggestion by some authors that they represent a 
spectrum in a single disease process.” The incidence of these condi- 
tions is higher in women than in men (1:2); this is especially true of 
XGP, which is five times more common in women. ‘The incidence is 
also higher in immunocompromised individuals. Patients with renal 
stones or other obstructive processes are at higher risk of developing 
one of these processes. Fever and flank or back pain can be presenting 
features. As with acute pyelonephritis, there may be painful urination, 
frequency, and urgency. The urine may be cloudy and foul-smelling. 
Constitutional symptoms such as fatigue, nausea, and vomiting can be 
present.” 

Examination of the urine will demonstrate white blood cells and 
bacteria. The patient’s white blood cell count may be elevated. Serum 
creatinine and BUN may be increased. 

All three conditions are associated with bacterial infection of the 
kidney and the apparent inability of macrophages to completely destroy 
the infecting organism. Large, foamy macrophages accumulate in the 
parenchyma and eventually replace and destroy normal kidney tissue. 
In some instances, the resulting collections of macrophages, other 
inflammatory cells, and necrotic tissue can be mistaken for a renal 
tumor. Malacoplakia can be extremely destructive, especially in the 
immunocompromised patient. Antibiotics are used to treat the condi- 
tions, though in some cases they may not be curative and surgery may 
be required. In the transplant setting, reduction of immunosuppres- 
sion may be required. In XGP, obstruction is often found, and renal 
calculi seem to be a frequent inciting factor. In malacoplakia, a char- 
acteristic cytoplasmic inclusion (Michaelis-Gutman bodies) can be 
identified that is absent in the other two diseases. Megalocytic inter- 
stitial nephritis is associated with less tissue destruction and the 
absence of Michaelis-Gutman bodies. 


Xanthogranulomatous Pyelonephritis 


XGP is characterized by inflammation consisting of lipid-laden 
macrophages, which gives it a yellow appearance grossly (Fig. 7-31). 


tubule with background tubular atrophy and chronic inflammation. 
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Figure 7-31. Xanthogranulomatous pyelonephritis. Grossly the cut surface of the 
kidney contains multiple pale to yellow, well-circumscribed, raised nodules involving 
the papilla and adjacent parenchyma. 


r eS eee a 

ir - ys n R 

Ka * psaN é 
Sas ee Wer 

my . 

es ieee +,» ‘¢ 

© Se hoes 

& on sR, < . 

E ete SN 

b E a ae 
rY a eS &. 

a *% Ge > 
6,2 tae r p 

a ha EKS AS 

` TERE 7 e 
>e nell hat 

2~ *AS5. >. 


Figure 7-32. Xanthogranulomatous pyelonephritis. The lesions are composed of 
sheets of foamy macrophages. 
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Figure 7-33. Malacoplakia. There is a mixed infiltrate containing numerous histiocytes with foamy cytoplasm and targetoid-appearing, cytoplasmic Michaelis-Gutman bodies 


(A) that are PAS-positive (arrow) (B). 


Because of its destructive nature and gross characteristics, it can be 
confused with renal cell carcinoma clinically, radiologically, and mor- 
phologically.”* XGP is often associated with renal calculi or obstruction 
and is therefore frequently unilateral. Symptoms may include flank or 
back pain, malaise, and weight loss. Urine cultures demonstrate enteric 
bacteria, most commonly Proteus species, but E. coli, Klebsiella, and 
other organisms have also been identified. It is often found as a diffuse 
process throughout the renal parenchyma but can be focal and 
tumorlike.”° 

Microscopically, central areas of necrosis and acute inflammation 
are surrounded by foamy macrophages. A fibroblastic response is 
usually seen at the periphery of the inflammation (Fig. 7-32). 


Malacoplakia and Megalocytic Interstitial Nephritis 


Grossly, the surface of the kidney in both conditions has various 
numbers of yellowish-brown nodules. The cut surface shows replace- 
ment of parenchyma by large areas of inflammation, in most cases 
affecting only the papilla but sometimes affecting both cortex and 
medulla. Histologically, malacoplakia is characterized by the presence 
of numerous plump histiocytes with a foamy cytoplasm. The cytoplasm 
contains small PAS-positive granules, as well as the larger (5-10 um) 
diagnostic inclusions known as Michaelis-Gutman bodies (Fig. 7-33). 
‘These granules stain positive with PAS and with stains for calcium (von 


Kossa) and are believed to result from incomplete digestion of bacteria 
by the macrophages because of defective phagolysosomal activity.” 
Electron microscopy is also useful to identify the inclusions. 

Malacoplakia is more common in women than in men and is seen 
most commonly in immunosuppressed individuals or in patients with 
recurrent urinary tract infections or obstruction. The most common 
causative organisms in malacoplakia are E. coli and other enteric 
bacteria, Staphylococcus aureus, and Klebsiella pneumoniae. Clinical 
features are similar to those of other forms of pyelonephritis.” Mala- 
coplakia is bilateral more often than XGP and is not associated with 
stones. 

Megalocytic interstitial nephritis (MIN) has several features in 
common with malacoplakia, and some authors consider them to be 
the same condition.” Histologically, MIN looks similar to malacopla- 
kia, with numerous foamy macrophages containing small PAS-positive 
granules. The distinguishing feature in MIN is a lack of Michaelis- 
Gutman bodies (Fig. 7-34). 


Viral Infections 


Viral infections rarely cause tubulointerstitial pathology outside of the 
transplant setting. The characteristic findings in TIN caused by viruses 
are cytopathic changes of the tubular epithelial cells, which are usually 
characteristic for each virus. Viruses cause either cytoplasmic or 
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Figure 7-34. Megalocytic interstitial nephritis. The interstitium is markedly expanded by cells with abundant pale pink cytoplasm amid a background mixed inflammatory cell 
infiltrate (A). Many of the interstitial cells express CD68, a macrophage marker (B). (A, H&E; B, immunohistochemical staining) 
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Figure 7-35. Viral inclusions. Tubule cell nuclei contain inclusions typical of polyoma 
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nuclear inclusions, or both (Fig. 7-35). Electron microscopy and 
immunohistochemical or in situ hybridization techniques can be used 
to differentiate between viral types. The inflammation induced by viral 
infection, even when it is an acute infection, is mononuclear rather 
than polymorphonuclear unlike a bacterial infection. Tubulitis can be 
found as well as interstitial edema. Viral infections are predominantly 
found in immunosuppressed individuals. 


Ischemic/Toxic Tubular Injury 
Acute Tubular Necrosis 


Acute tubular injury (ATI) can be the result of ischemic or toxic insult, 
with severe cases resulting in frank acute tubular necrosis (ATN). ATI 
is an acute, generally reversible injury to tubular epithelial cells, and it 
is quite common and a frequent cause of acute kidney failure; however, 
true ATN is less common. One of the earliest descriptions of ATN was 
published in 1941 by Bywaters and Beall, in which several cases of 
kidney failure followed crush injuries.” Most modern-day cases of ATI 
and ATN are secondary to hypoperfusion of the kidneys during 
surgery, sepsis, or hypotension from other causes. Medications can also 
cause cellular injury leading to tubular damage. In a variant of ATN 
known as acute phosphate nephropathy, the tubular injury is associated 
with ingestion of oral sodium phosphate solution (OSPS) as a bowel 
cleanser before colonoscopy.” 


(BK) virus (arrows); (A), which can be confirmed with immunohistochemical staining (B). 


Incidence and Demographics 

Up to 1% of hospitalized patients will develop ATN; it is rare in the 
general population (estimated at 4 in 10,000 people). The risk of ATN 
increases after injury to muscle tissue, shock, hypotension, and surgery. 


Clinical Manifestations 

Regardless of the initiating cause, due to the loss of epithelial cell 
integrity, tubular functions such as water and electrolyte transport and 
hormone responsiveness are altered and overall renal function declines. 
‘These are seen clinically as an increase in serum creatinine and BUN. 
ATN is one of the most common causes of the clinical syndrome of 
acute renal failure, especially in hospitalized patients. Patients may 
complain of lethargy, anorexia, nausea, and vomiting. Some patients 
will have a change in urine output due to changes in tubular function. 
Most patients will have oliguria during the course of ATN; some will 
be anuric. As tubular function recovers, some patients develop poly- 
uria. Laboratory tests can be helpful to distinguish ATN from other 
causes of acute renal failure. Urinary sodium excretion is usually very 
high due to decreased reabsorptive capacity of the tubules. Urinalysis 
may show epithelial cells that have been shed; these may also be com- 
ponents of casts known as granular or muddy brown casts. Hematuria 
is not typically seen and red cell casts would be unusual, because these 
are most often seen with glomerular injury. There is a slight geographic 
difference in nephron segment injury between ischemic and toxic 
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insults, with ischemia resulting in a more patchy injury that often 
affects the nephron more distally, and toxins typically affecting the 
proximal tubules to a greater degree. In addition, ischemic injury tends 
to be less apparent histologically, even in the face of reduced renal 
function, whereas toxic injury often shows more obvious cytopathic 
changes due to direct toxicity. Endogenous proteins can act as neph- 
rotoxins when present in high quantities, such as hemoglobin, myo- 
globin, and light chains. The list of medications and other exogenous 
toxic substances that can cause tubular injury is large and includes 
antivirals, antibiotics, immunosuppressive drugs, and chemotherapeu- 
tic agents, among others. 


Treatment and Prognosis 

There is no specific treatment for ATN. Removal of the inciting 
factor(s) or restoration of perfusion in the case of ischemic ATN will 
allow recovery to begin. Treatment is supportive in most cases, provid- 
ing hydration, blood pressure control, and dialysis when necessary. 
Other factors such as underlying hypertensive vascular changes or 
diabetic nephropathy can hinder recovery. Depending on length and 
type of insult, recovery generally takes 2 weeks or more and up to 6 
weeks in some cases. The prognosis is generally excellent unless the 
patient has a prolonged period of oliguric renal failure or other organ 
systems are involved. Toxic insults are slightly more likely to lead to 
prolonged recovery or permanent loss of function. Classically, sepsis 
is the most common reason for death. Morbidity results from compli- 
cations of the renal failure rather than the actual tubular injury. In 
patients who require dialysis following the insult, however, the mortal- 
ity rate is between 50% and 80%, primarily because of comorbid 
illnesses. 


Radiologic Features and Gross Pathology 

Although ultrasound has moderate sensitivity and specificity for iden- 
tifying acute parenchymal disease, it is limited in its ability to distin- 
guish between various causes of intrarenal dysfunction. Grossly, the 
kidneys in ATN will be swollen and enlarged. The cut surface may 
bulge. The cortex is pale and the medulla is pinkish-red, causing a 
marked distinction between cortex and medulla. 


Histopathology 

The tubular changes in ATN vary, as evidenced histologically, depend- 
ing on the type and length of the insult. The changes can be subtle 
morphologically, ranging from very little change in the appearance of 
the renal tubules to complete necrosis and loss of epithelial cells (Fig. 
7-36). There are no specific histologic differences between ischemic 
and toxic tubular injury, though in OSPS-related ATN, the presence of 
nephrocalcinosis is a helpful finding. Ischemia has been found to cause 
more damage to the S3 segment of the proximal tubule and focally 
within the thick ascending limb of the loop of Henle, with more exten- 
sive injury in more superficial nephrons. Toxic ATN is usually charac- 
terized by a more uniform injury, but certain nephron segments can 
be preferentially affected depending on the insult. Organic chemicals 
can produce necrosis throughout the entire proximal tubule, whereas 
mercury will more preferentially affect the S3 segment. Although the 
classical view is that ischemic insult tends to produce more localized 
injury while toxic ATN affects a larger portion of the nephron, in 
practice this distinction is difficult to make on renal biopsies. 

Acute tubular injury from endogenous toxins, such as hemoglobin 
and myoglobin, can also occur. Hemolysis or rhabdomyolysis results 
in the filtration of hemoglobin or myoglobin and delivery to the 
tubules. The tubular injury is indistinguishable from ischemic or exog- 
enous toxin injury; however, the tubule luminal contents may provide 
a clue to the cause of injury. Hemoglobin and myoglobin granular casts 


Figure 7-36. Acute tubular necrosis. The changes of ATN are evident at low magni- 


fication and are characterized by proximal tubular widening and epithelial cell 
attenuation. 


Figure 7-37. Rhabdomyolysis. The tubules show acute injury and the lumens contain 
brightly eosinophilic ropelike and coarse granular material. 


can have a reddish to brown color; myoglobin can be a coarse granular 
or ropelike material that is quite eosinophilic (Fig. 7-37). In the 
case of myoglobin, an immunostain can be performed to confirm its 
presence (Fig. 7-38). 

The earliest changes that can be recognized by light microscopy 
(Box 7-2) are balloon-shaped blebs of apical cytoplasm protruding into 
the tubule lumens (so-called apical blebs) (Fig. 7-39) and attenuation 
of the brush border of the proximal tubules as seen on staining with 
PAS. With more severe injury, necrotic epithelial cells are sloughed into 
the tubule lumen, which can form tubular casts identified in the urine 
as muddy brown casts (Fig. 7-40). The loss of cells leaves the TBM in 
a denuded state, following which the remaining cells attempt to cover 
the exposed membrane by flattening out, a state referred to as simpli- 
fication. During this period, the cells may resemble nonkeratinized 
squamous cells. Structural recovery follows, with features of regenera- 
tion, such as increased nuclear-to-cytoplasmic ratio, prominent nucle- 
oli, and mitotic activity (Fig. 7-41). Functional recovery is the last step 
in the process, when the cells become differentiated again and perform 
their normal transport and metabolic functions. In milder cases, 
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Figure 7-38. Rhabdomyolysis. The presence of myoglobin in tubules can be confirmed 
immunohistochemically. (IHC) 


Box 7-2. Morphologic Features of Acute Tubular Injury 


Acute Tubular Injury 

Balloon-shaped blebs of apical cytoplasm 
Attenuation of proximal tubule brush border 
Sloughing of necrotic tubular epithelial cells 
Simplification of tubular epithelium 


Recovery 

Increased nuclear: cytoplasmic ratio 
Prominent nucleoli 

Mitotic figures 


without frank necrosis, the epithelial cells may show only mild cyto- 
plasmic swelling and vacuolation, with minimal reactive atypia. An 
interstitial component is not typically prominent in ATN (i.e., inflam- 
mation is usually minimal, consisting of a mixture of lymphocytes and 
neutrophils). With severe injury resulting in disruption of the TBM, 
luminal contents may be extruded into the interstitium and incite an 
inflammatory reaction, sometimes granulomatous inflammation. 


Phosphate Nephropathy 


In 2003, a letter to the editor of The New England Journal of Medicine 
detailed the case of a 71-year-old woman who developed acute renal 
failure after ingesting a phosphosoda agent.'” In 2004, Markowitz et al. 
reported five cases of acute renal failure secondary to OSPS used as 
bowel preparatory agent before colonoscopy.’” 


Clinical Manifestations 

All patients’ kidney biopsies showed diffuse ATI and marked intratu- 
bular collections of calcium phosphate. Follow-up of those patients and 
additional patients in 2005 demonstrated that OSPS is associated with 
nephrocalcinosis and renal failure, with a significant proportion of 
patients progressing to end-stage kidney disease and none returning 
to baseline kidney function.” Numerous reports since that time have 
identified associated risk factors for phosphate nephropathy, which 
include advanced age (older than age 60); hypertension; use of 
angiotensin-converting enzyme inhibitors, angiotensin receptor block- 
ers, and diuretics; female gender; and underlying chronic kidney 
disease (creatinine > 1.2 mg/dL or estimated glomerular filtration rate 
<60 mL/min). 
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Figure 7-39. Acute tubular necrosis. Early changes include protrusion of apical cyto- 
plasm into tubule lumens (apical blebs) (A,B). 
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Figure 7-40. Acute tubular necorosis. There is severe tubular damage with sloughing 
of necrotic epithelial cells into the tubular lumen. 
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Figure 7-41. Acute tubular necrosis. With loss of tubule cells, the remaining cells cover the expose 
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d basement membrane and resemble nonkeratinized squamous cells (A). Injured 


tubules can regenerate, indicated by the presence of mitotic figures (arrows) (B). (A, H&E; B, silver stain) 
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Figure 7-42. Phosphate nephropathy. There is tubular injury, interstitial expansion, variable inflammation, and numerous tubule luminal calcium phosphate crystals (A), which at 


higher magnification have a rounded appearance (B). 


Histopathology 

In acute phosphate nephropathy, tubular epithelial cell injury manifests 
as attenuation and simplification of the cell lining, sloughing of epithe- 
lial cells, and reparative changes are found in conjunction with promi- 
nent deposition of calcium phosphate (Fig. 7-42). Calcium phosphate 
can be easily distinguished from calcium oxalate; calcium phosphate 
deposits do not polarize and will stain with the von Kossa stain. Edema 
and a mild interstitial infiltrate can be associated with the tubular 
injury. Most biopsies show some evidence of chronic injury (i.e., 
tubular atrophy and interstitial fibrosis). 


Differential Diagnosis 

In acute phosphate nephropathy, the tubular epithelial cell changes are 
found in conjunction with nephrocalcinosis from prominent deposi- 
tion of calcium phosphate. Calcium phosphate can be easily distin- 
guished from calcium oxalate by the lack of polarization and positive 
staining with von Kossa (Fig. 7-43). With time, the calcium phosphate 
crystals may become less numerous; however, the presence of calcium 
phosphate in a chronically damaged kidney should raise the possibility 
of phosphate nephropathy. 


Treatment and Prognosis 

The management of acute phosphate nephropathy requires acute man- 
agement and prevention. In those patients who present with early- 
onset acute phosphate nephropathy in whom the diagnosis is suggested 
by a prior history of OSPS exposure and the presence of associated 
laboratory abnormalities, treatment is targeted at reversing hyperphos- 
phatemia and hypercalcemia. A significant proportion of patients may 
have a fatal outcome; however, renal function generally improves or 
returns to baseline.'°*'™* 

Renal biopsy is critical in identifying those patients with a more 
insidious onset as most will have normal electrolytes, a bland urinary 
sediment, and minimal proteinuria. At follow-up most of these patients 
develop chronic kidney disease, and some progress to end-stage disease 
requiring dialysis.'”* 


Heavy Metal Nephropathy 
Cadmium 


Cadmium exposure occurs through contaminated food, water, and air. 
Cadmium intoxication is rare but can affect individuals working in 
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Figure 7-43. Phosphate nephropathy. The presence of calcium phosphate can be 
confirmed with the von Kossa stain. 


industries such as metal plating and battery production. Smokers have 
a twofold to threefold greater concentration of cadmium in the kidney 
cortex than nonsmokers.” In World War II, cases of cadmium toxicity 
occurred in Japan due to water and soil contamination leading to 
increased cadmium in dietary rice. In cadmium nephrotoxicity, 
aminoaciduria—including full features of Fanconi syndrome (e.g., glu- 
cosuria, renal tubular acidosis, low molecular weight proteinuria)— 
may be seen clinically. Cadmium toxicity stems from its ability to bind 
to metallothionein at the site of zinc and copper binding, competing 
with these metals for the binding site and interfering with normal 
metallothionein activity. This leads to cell death. In the kidney, one 
result is abnormal calcium handling, leading to bone disease. The effect 
of cadmium is more pronounced in individuals with poor diet or with 
underlying bone disorders, such as osteoporosis.'°° 

Acute cadmium toxicity most often results in GI or pulmonary 
findings; however, if severe gastroenteritis occurs subsequent ATI can 
develop, even progressing to tubular necrosis, particularly of the proxi- 
mal tubules. Chronic renal injury is more common, occurring when 
the level of cadmium in proximal tubule cells exceeds its capacity to 
be handled. This can manifest as a concentrating defect and reduced 
ability to reabsorb amino acids and glucose. The most common finding 
is proteinuria, particularly involving beta 2- and alpha 1-microglobulins, 
N-acetyl-beta-D-glucosaminidase, and retinol binding protein.” 
Chronic cases show tubular atrophy and interstitial fibrosis histologi- 
cally. Nephrocalcinosis can also be seen. 


Chromium 


Chromium toxicity is rare but can occur in factory workers who 
produce chromium-based compounds. Chromium is also used in 
attempted suicide and recently has been used as a weight-loss aid. 
When consumed or inhaled in high quantities, chromium has the 
potential to produce fatal liver and kidney injury." Chromium is 
found in two forms: trivalent and hexavalent chromium. Trivalent 
chromium, a naturally occurring essential element found in foods and 
in supplements, is toxic in high quantities. Chromium picolinate, the 
form used in vitamin supplements, is thought to aid in weight loss and 
glycemic control. However, ingestion of higher than recommended 
amounts can lead to hemolytic anemia, liver failure, and ATI and 
interstitial nephritis. Hexavalent chromium is formed in the process 
of producing metals and chrome platings, colored glass, and some 
glazes. Toxicity involves the lung, GI tract, and skin, in addition to 
the kidneys. 


Copper 


Copper is an essential trace element important in many enzymatic 
processes, and high levels cause cellular injury through production of 
oxygen radicals and lipid peroxidation.'’*"'' Copper rarely causes acute 
toxicity; however, voluntary ingestion in attempted suicide has been 
reported. Chronic toxicity in occupations such as the metal, textile, and 
leather industries, as well as in Wilson disease, is well-known. The liver, 
GI tract, and central nervous system are the major organs affected in 
copper toxicity." The kidneys may suffer ATN from direct copper 
injury to tubular cells, as well as from the effects of hypovolemia and 
hemoglobinuria." 


Lead 


Despite our state of knowledge about the toxic effects of lead, new cases 
of lead intoxication are still identified, although at a much lower rate 
than in the past. Elevated blood lead levels are found in less than 1% 
of the population in the United States.'* Lead interferes with many 
enzymatic reactions that use other minerals as cofactors, especially 
zinc, which is important in the formation of heme—a necessity for 
cellular oxidation processes. Lead is eliminated through urinary excre- 
tion, the rate of which is based on the level of lead in various tissues 
throughout the body. Typical morphologic findings in the kidney 
include nonspecific chronic tubulointerstitial and vascular injury. 
Glomeruli are typically spared until vascular disease is advanced. 

Characteristic intranuclear inclusions are frequently not identifi- 
able. An increase in uric acid levels is also possible, leading to gout 
and gouty microtophi in the kidney. Acute lead poisoning can lead 
to a Fanconi-type syndrome, without a histologic correlate, but is less 
common than chronic toxicity. Acute toxicity commonly causes a sys- 
temic illness that includes nausea, vomiting, paresthesia, and muscle 
weakness. 

Acute lead toxicity results in injury to proximal tubule cells and a 
picture of ATN. The appearance of dense, eosinophilic intranuclear 
inclusions is a feature that should alert the pathologist to a toxic cause 
for the epithelial cell injury. The inclusions are not always seen, and 
they are not pathognomonic for lead toxicity. Similar inclusions can be 
found with exposure to other metals. The inclusions are seen more 
commonly in the chronic form of lead toxicity. Typical features of 
chronic toxicity replicate those of other forms of chronic nephropathy, 
such as tubular atrophy and interstitial fibrosis. 


Mercury 


Mercury contaminates water, causing bioaccumulation of the organic 
form in fish and other marine organisms. Mercury can accumulate in 
the kidney and other organs through ingestion of contaminated fish 
and seafood. Mercury is used in producing electrical instruments and 
batteries and has been used in the past in thermometers. Historically, 
some forms of mercury were used as topical or oral medications. Most 
commonly, exposure is from inhalation of elemental mercury with 
conversion to inorganic mercury." 

Acute forms of mercury toxicity manifest as renal tubular necrosis, 
sometimes as a direct effect of the mercury on tubular cells, and also 
as a result of systemic and GI injury leading to hypoperfusion of the 
kidney and ischemic injury. Chronic toxicity results in tubular atrophy 
and interstitial fibrosis. A form of interstitial immune complex injury 


may also occur.''® 


Oxalate Nephropathy 


Calcium oxalate has long been known to be a common constituent of 
renal stones but can also be deposited within the renal parenchyma as 
nephrocalcinosis, or oxalate nephropathy. Systemic oxalosis occurs 
when the critical saturation point for plasma oxalate is reached with 
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oxalate deposition in every organ and tissue except the liver with 
disastrous complications. Deposition in bone (oxalate osteopathy) 
results in pain, spontaneous fractures, and erythropoietin-resistant 
anemia. Oxalate may also deposit in the retina; the media of arteries, 
with subsequent ischemia; the peripheral nervous system, causing 
neuropathy; the myocardium, resulting in atrioventricular block; the 
thyroid gland; and the skin, causing livedo reticularis.''” There are two 
forms of hyperoxaluria: primary and secondary. 

Primary hyperoxalurias (PH) represent rare, autosomal recessive 
inborn errors of metabolism in which one of several specific enzyme 
defects result in the endogenous overproduction of oxalate. There are 
three known types of primary hyperoxaluria.''*!”° 

Primary hyperoxaluria, type 1 (PH1), is caused by a deficiency in 
the function of the liver-specific peroxisomal enzyme alanine: glyoxyl- 
ate aminotransferase-1 (AGT1), resulting in overproduction of endog- 
enous oxalate, which manifests as renal stones and/or nephrocalcinosis. 
Primary hyperoxaluria, type 2 (PH2), is a rare disorder and results 
from a deficiency of activity in the enzyme glyoxylate reductase/ 
hydroxypyruvate reductase (GRHPR), which is more widely distrib- 
uted in humans than AGT1, with predominance in muscle, liver, and 
kidneys." A third group has been described that fits the diagnostic 
criteria of primary hyperoxaluria, but in whom the two enzymes 
involved in PH1 and PH2 are fully functional. These patients have been 
referred to as unclassified PH or PH, type 3; the deficiency involved is 
in 4-hydroxy-2-oxoglutarate aldolase.’ 

Secondary forms of hyperoxaluria are primarily related to enteric 
oxalate hyperabsorption due a variety of conditions.’”’ Gastric and 
small intestinal surgeries, particularly bypass or ileal resection, result 
in increased oxalate absorption from the gut. Crohn disease, celiac 
sprue, and pancreatic insufficiency also cause increased enteric absorp- 
tion of oxalate. Other mechanisms of secondary hyperoxalosis include 
ingestion of high oxalate-containing foods, such as tea, certain greens, 
and cocoa. Antibiotics can interfere with normal intestinal flora that 
metabolize oxalate, an important consideration in transplant patients 
who are typically on prolonged antibiotic therapy. The ingestion of 
ethylene glycol in attempted suicide, uncommon currently, was the 
classical form of oxalate nephropathy in the past. In recent years, 
several reports of oxalate nephropathy have emerged related to ascor- 
bic acid.’ 


Clinical Manifestations 

Approximately 50% of patients with PH1 presenting in childhood will 
have end-stage renal disease by age 15, which leads to systemic oxalosis 
with oxalate precipitation in the eye, heart, and bones and significant 
morbidity and mortality. The incidence of PH1 is approximately 1 in 
120,000 live births. PH1 can be heterogeneous clinically, with some 
patients presenting in infancy with renal failure and others experienc- 
ing only occasional passing of stones in adulthood with maintenance 
of renal function. Members of the same family with identical mutations 
may exhibit completely different phenotypes. In a malignant variant, 
infantile PH1, the first symptoms appear early and affected infants 
present at a median age of 6 months with failure to thrive, severe meta- 
bolic acidosis, and anemia secondary to renal failure. This form is 
characterized by rapid progression to end-stage renal failure and severe 
systemic oxalosis. 

The clinical manifestations of PH2 are not as severe as those of PH1 
and consist primarily of urolithiasis. Nephrocalcinosis is unusual, and 
systemic involvement is rare.'!” 

In secondary forms, acute renal failure ensues when there is signifi- 
cant deposition of calcium oxalate and secondary tubular injury. 
Tubular obstruction by calcium oxalate may also be a factor in reduc- 
ing renal function. 


Histopathology 

Renal biopsy demonstrates numerous, clear to grayish, plate- or fan- 
shaped crystals in tubular epithelial cells and within tubule lumens 
(Fig. 7-44). Crystals can also be seen in the interstitium. The crystals 
will be bright white or show a rainbow of colors on polarization of the 
light (Fig. 7-45). The tubules usually show typical features of acute 
injury (i.e., flattening of the epithelium, sloughing of cells, and reactive 
and reparative changes). There may be an interstitial inflammatory 
infiltrate, usually containing primarily mononuclear cells, though rare 
neutrophils can be seen. Some degree of tubular atrophy and interstitial 
fibrosis is usually seen. 


Prognosis and Treatment 

The aims of therapy in hyperoxalosis are to decrease oxalate produc- 
tion and to increase the urinary solubility of calcium oxalate. Pyridoxal 
phosphate is an essential cofactor for aminotransferases such as AGT, 
and pharmacologic doses of pyridoxine are able to significantly reduce 
hyperoxaluria in one third of patients.’ Those most likely to respond 


and are often arrayed in a spokelike fashion. 


Figure 7-45. Oxalate nephropathy. With polarization, the oxalate crystals are bright 
white to multicolored. 


have some residual AGT activity.” Enhancement of urinary solubility 


can be facilitated by a constant generous fluid intake and the use of 
drugs that increase the urinary solubility product such as orthophos- 
phate and potassium or sodium citrate." 

Isolated kidney transplantation is an option only in a minority of 
patients with end-stage renal failure who are responding well to pyri- 
doxine and perhaps for patients with late onset of renal failure. Because 
of the high risk of recurrence and because liver transplantation cures 
the enzymatic defect, combined liver/kidney transplantation is the 
treatment modality of choice. Total hepatectomy of the patient’s native 
liver is necessary because otherwise oxalate overproduction would 
continue.’”° Actuarial 5-year patient survival rates of 80%, and 71% 
liver graft survival with stable renal function, have been reported in 
patients receiving combined liver/kidney transplants.'*° 


Hematologic Neoplastic Disorders 


The most common hematologic neoplastic disorder associated with 
tubulointerstitial disease is multiple myeloma; however, systemic 
lymphoma may secondarily involve the kidney and be detected on 
kidney biopsy. Systemic myeloproliferative neoplasms have been asso- 
ciated with a unique glomerular lesion and with sclerosing extramed- 
ullary hematopoietic tumor, which should be differentiated from 
chronic TIN. 
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Multiple Myeloma 


Multiple myeloma is a hematologic malignancy characterized by a 
clonal proliferation of plasma cells with associated end-organ damage. 
There is production of monoclonal immunoglobulin in more than 80% 
of those affected associated with excess production of kappa or lambda 
light chains.’”” At least 50% of patients with multiple myeloma will have 
acute kidney injury at presentation, and the prognosis is worse for 
those patients with acute kidney injury than those without. Factors 
contributing to the development of acute kidney injury in multiple 
myeloma include dehydration, hypercalcemia, and the ingestion of 
nephrotoxic drugs’** as well as cast nephropathy, which may be trig- 
gered by any of these factors.'”” 

Systemic light-chain diseases can affect the kidney in several ways, 
including LCDD and amyloidosis, which primarily involve the glom- 
eruli, and light-chain cast nephropathy (LCCN) and light chain- 
associated Fanconi syndrome, which affect the tubules. 


Light-Chain Cast Nephropathy 


LCCN is also called myeloma kidney or myeloma cast nephropathy, 
though 15% to 70% of patients will have no evidence of myeloma at 
the time of diagnosis of LCCN.”®' LCCN is the most common form 
of renal involvement in multiple myeloma. Plasma cell infiltration of 
the interstitium is another form of renal involvement in patients with 
myeloma (Fig. 7-46). 
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Figure 7-46. Interstitial myeloma. The infiltrate of malignant plasma cells is dense 
and monotonous (A) and can be confirmed as monoclonal by immunohistochemical 
staining for light chains. In this illustration the plasma cells lack staining for kappa 


a light chain (B) but express lambda light chain (C). (A, H&E; B, C, IHC) 
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Clinical Manifestations 


Acute renal failure is the most common sign of LCCN. There may be 
proteinuria; however, the urine dipstick test, which detects albumin, 
will be negative or trace-positive. Quantitative urine collection will 
usually demonstrate significant proteinuria. Frequently, patients will 
present in renal failure following an episode of hypovolemia or dehy- 
dration, which may slow urine flow and/or concentrate the urine and 
make formation of tubular casts more likely. Light chains are freely 
filtered through the glomerulus and are normally reabsorbed by proxi- 
mal tubule cells; however, in the setting of large amounts of light chains 
produced in multiple myeloma, the filtered proteins overload the reab- 
sorption mechanism and are present in greater amounts in the tubule 
lumen. Certain biochemical properties of the light chains, such as their 
ability to bind Tamm-Horsfall protein, their isoelectric point, or their 
ability to form aggregates, may also enhance their tendency to form 
casts.'*"'°? The exact reason for acute renal failure in the setting of 
LCCN is not entirely clear—hypotheses include tubular injury from 
direct light-chain toxicity and obstruction due to the casts. 


Histopathology 

The sine qua non of LCCN is intratubular casts associated with a 
cellular reaction that often includes giant cells; however, neutrophils 
and mononuclear cells may also be present (Fig. 7-47). In practice, the 
classical giant cells are often absent. However, casts in LCCN will 
usually show typical characteristics that should give clues to their com- 
position. Often, the casts will be fractured and will have angulated 
edges and geometric shapes (Fig. 7-48). The light-chain casts can be 
distinguished from other tubular protein material by negative PAS 
staining. The interstitium usually contains an inflammatory infiltrate 
comprised of lymphocytes with admixed neutrophils and eosinophils. 
Sometimes neutrophils are found within the tubule lumens associated 
with the casts, and care must be taken not to diagnose this as acute 
pyelonephritis and overlook the light-chain casts (Fig. 7-49). The 
tubular cells will show varying degrees of acute injury, as well as repara- 
tive and regenerative changes. LCCN can rarely be associated with 
LCDD, which is characterized by light chain (usually kappa) along 
GBMs and TBMs.’” On immunofluorescence studies, the casts usually 
stain positively for the patient’s dominant light chain (Fig. 7-50). Elec- 
tron microscopy will sometimes demonstrate casts in the tubular 
lumen and crystals in tubular epithelial cells. 


Light-Chain Fanconi Syndrome 


Some patients will develop tubular dysfunction due to light chains in 
the absence of casts, manifesting as Fanconi syndrome. 


Clinical Manifestations 

Features of Fanconi syndrome include normoglycemic glycosuria, 
aminoaciduria, uricosuria, hypercitraturia, hyperphosphaturia, and 
type II (proximal) renal tubular acidosis. Many of these patients 
will have monoclonal gammopathy of undetermined significance or 
a low-mass myeloma. Messiaen et al. showed that a significant pro- 
portion of cases had abnormalities in the V kappa I variability sub- 
group and resistance to proteolysis by cathepsin B, which could be 
one explanation for the accumulation of the crystals in proximal 
tubule cells.” 


Histopathology 

Renal biopsy shows proximal tubular injury and the presence of non- 
polarizable, needle-shaped crystals in the epithelial cell cytoplasm. The 
crystals are identifiable on histochemical stains and H&E-stained 
frozen sections (Fig. 7-51). Tubular injury, such as cytoplasmic swell- 
ing or flattening, is seen. In later stages, tubular atrophy and interstitial 


Figure 7-47. Light-chain cast nephropathy. The light-chain casts appear dense and 
are often accompanied by a multinucleated giant cell reaction (A,B). 


fibrosis are present. The light-chain crystals are typically restricted to 
kappa on immunofluorescent and immunohistochemical staining (Fig. 
7-52). Electron microscopy can demonstrate bulky, rectangular or 
needle-shaped cytoplasmic crystals in proximal tubule cells that are 
evident on the toluidine blue-stained survey sections (Fig. 7-53) and 
ultrastructurally (Fig. 7-54). 


Lymphoproliferative Disorders 


Primary renal lymphoma is uncommon; however, secondary or meta- 
static lymphoma involving the kidney is not and may be encountered 
on renal biopsy performed during the workup of renal failure or pro- 
teinuria. Post-transplant lymphoproliferative disorders affecting recip- 
ients of renal or other solid organ transplants are reviewed in chapter 
9 and will not be discussed further here. 


Incidence and Demographics 

Lymphocytic infiltration of the renal parenchyma is not uncommon in 
patients with lymphoma; however, only 0.5% of patients have kidney 
failure, and the presence of lymphomatous involvement is likely under- 
diagnosed.'* In a large autopsy series of patients with lymphoma, 34% 
showed parenchymal involvement, but only 14% had been diagnosed 
with lymphomatous infiltration of the kidney before death.’ The 


Figure 7-48. Light-chain cast nephropathy. The light-chain casts may appear rect- 
angular or rhomboid (A), are weakly stained with PAS (B) and, though variable, are 
often bright red on Masson trichrome staining (C). 
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Figure 7-49. Light-chain cast nephropathy. Note the prominent neutrophilic reaction 
to the casts. 


presence of metastases to the kidney indicates advanced disease and is 
usually associated with metastases to other organs, including the heart, 
lungs, and GI tract." 

Lymphoma involving the kidney primarily without evidence of 
extrarenal disease is rare and controversial; however, it has been 
reported." 


Clinical Manifestations 

Renal failure is uncommon in patients with lymphomatous involve- 
ment of the kidneys, and most patients lack flank pain and features 
of volume overload. Signs suggesting lymphomatous infiltration are 
bilateral renal enlargement and subnephrotic range proteinuria." 
Other clinical manifestations include fatigue, fever, night sweats, 
nausea, arthralgia, weight loss, edema, dyspnea, and skin lesions.” A 
number of glomerular diseases have been reported to be associated 
with systemic lymphoma with or without lymphomatous involvement 
of the kidney, and include most commonly minimal change disease, 
membranous nephropathy, focal segmental glomerulosclerosis, mem- 
branoproliferative glomerulonephritis (MPGN), fibrillary glomerulo- 
nephritis, and immunotactoid glomerulonephritis.**'° 


Histopathology 

Lymphomatous involvement of the kidney is characterized by diffuse 
infiltration by monomorphic lymphocytes with tubule and glomerular 
sparing (Fig. 7-55). Immunohistochemical staining usually demon- 
strates a B-cell phenotype. Occasionally the lymphomatous involve- 
ment will be more localized and focal, particularly in cases of small 
lymphocytic lymphoma/chronic lymphocytic leukemia (Fig. 7-56). 
These small infiltrates may be seen in cases of lymphoproliferative 
disease-associated MPGN (Fig. 7-57). Tubules may show changes of 
ATI. The glomeruli are usually spared; however, cases with malignant 
lymphoid cells present only within glomerular capillaries have been 
described.” 
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Figure 7-50. Light-chain cast nephropathy. The light-chain casts in this immunofluorescence image are composed of monoclonal light chain, usually kappa (A), while staining for 
lambda is negative (B). 
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Figure 7-51. Light-chain Fanconi syndrome. The proximal tubules contain numerous cytoplasmic crystals that appear granular on H&E staining (A), pink and refractile on silver 
staining (B), red and sharply outlined on trichrome staining (C), and pale on H&E staining of frozen sections (D). 


Figure 7-52. Light-chain Fanconi syndrome. The proximal tubules contain numerous 
cytoplasmic crystals that in this example stain for kappa light chain. (IF) 
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Tubulointerstitial Diseases 


Differential Diagnosis 

The finding of a diffuse, monomorphous lymphoid infiltrate on kidney 
biopsy should raise the possibility of lymphomatous involvement, and 
the appropriate immunohistochemical stain panel should be applied 
to confirm a monoclonal, usually B-cell, phenotype. 

Small collections of monomorphous, small lymphocytes may prove 
more challenging, particularly if present in areas of fibrosis. These 
lymphomatous infiltrates tend to be dense, are composed of small 
round to slightly irregular lymphocytes, and the tubules they surround 
are generally not atrophic. The glomeruli may show MPGN; a search 
for cryoglobulins and hepatitis C virus is warranted. Clinical workup, 
including bone marrow biopsy to evaluate for a systemic lymphopro- 
liferative disorder, should be considered. 

A dense though more heterogeneous infiltrate with plasma cells and 
eosinophils with glomerular sparing that forms nodules within the 
kidney suggests IgG4-related TIN. A search for pancreatic involvement 
and systemic symptoms of pancreatic insufficiency or other fibrosing 
disorders should be undertaken. Immunohistochemical staining for 
IgG4 will be diagnostic. 
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Figure 7-54. Light-chain Fanconi syndrome. Ultrastructurally the proximal tubule cells are filled with innumerable, variably sized and shaped, electron-dense crystals (A,B). 
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characterized by a dense, monotonous population of large lymphoid cells that generally 
spares tubules and glomeruli. 


Severe, chronic TIN may rarely suggest lymphomatous infiltration 
of the kidney; however, the infiltrate is more heterogeneous and will 
be composed predominantly of T lymphocytes. 


Sclerosing Extramedullary Hematopoietic Tumor in 
Myeloproliferative Neoplasms 


Myeloproliferative neoplasms (MPN), previously known as chronic 
myeloproliferative disorders (CMPD), are clonal hematopoietic stem 
cell disorders characterized by expansion of one or more of the myeloid 
lineages.'*"'” Myelofibrosis and extramedullary hematopoiesis occur 
in these disorders, particularly chronic idiopathic myelofibrosis with 
myeloid metaplasia; however, they may be seen in association with 
any subtype of MPN. Extramedullary hematopoiesis most commonly 
is present in the spleen, liver, or lymph nodes; however, it may 
uncommonly occur as discrete lesions with a fibrous and sclerotic 
background, which have been termed sclerosing extramedullary hema- 
topoietic tumor (SEMHT).”” Kidney involvement and discovery on 
kidney biopsy performed for the evaluation of renal dysfunction has 
been described." 
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Clinical Manifestations 

SEMHT is associated with long-standing MPN; patients tend to be 
older, with a median age of 65.5 years and a range of 41 to 75 years.” 
Patients with MPN usually have splenomegaly with peripheral blood 
and bone marrow features of MPN. The lesions of SEMHT may cause 
a mass lesion, most commonly retroperitoneal; however, other sites, 
including liver, lung, breast, lymph node, skin, adrenal gland, and 
lacrimal glands, have been described.“ Kidney involvement may be 
detected with the finding of parenchymal nodules or perirenal involve- 
ment; however, the lesion has also been reported on renal biopsy per- 
formed for the evaluation of renal dysfunction and proteinuria." 


Histopathology 

Renal involvement by SEMHT is characterized by thick collagen 
bands, thick-walled blood vessels, and entrapped adipose tissue with 
areas of sclerosis and myxoid change (Fig. 7-58). The lesion merges 
with adjacent renal parenchyma. Within the sclerotic stroma are 
clusters and single atypical cells that include myeloid cells, myeloid 
precursors, and atypical megakaryocytes (Fig. 7-59). Immuno- 
histochemical stains may prove useful because the atypical megakaryo- 
cytes will express CD61 and granulocytic precursors will stain for 
myeloperoxidase. 

Glomerular abnormalities are not generally associated with SEMHT 
specifically, but have been described in association with MPN.'**'*° A 
recent report describes 11 cases of a form of glomerulopathy termed 
MPN-related glomerulopathy present in patients with MPN character- 
ized by mesangial sclerosis and hypercellularity, segmental glomerulo- 
sclerosis, features of chronic thrombotic microangiopathy, and 
intracapillary hematopoietic cell infiltration without immune complex 
deposition.“ SEMHT and MPN-related glomerulopathy may rarely be 
seen together in a kidney biopsy performed to evaluate proteinuria 
and/or renal dysfunction™' (Fig. 7-60). 


Differential Diagnosis 
When SEMHT is encountered on renal biopsy, the differential diagno- 
sis includes a chronic form of TIN and malignant neoplasms, particu- 
larly sclerosing liposarcoma, carcinoma with sarcomatoid features, 
infiltrating high-grade carcinoma, and Hodgkin lymphoma. Immuno- 
histochemical stains will aid in the differentiation of these lesions. 
The inflammatory cells in chronic TIN will be predominantly 
T lymphocytes; although macrophages and multinucleated giant cells 
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Figure 7-56. Lymphoma. Small lymphocytic lymphoma involves the kidney by forming dense aggregates of small atypical lymphoid cells (A), which stain for CD20 (B). (A, PAS; 


B, IHC) 
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Figure 7-57. Lymphoma. Occasionally membranoproliferative glomerulonephritis 
associated with hepatitis C is accompanied by a small lymphocytic lymphoma. is replaced by a myxoid and sclerosing lesion containing scattered hematopoietic 
elements. 


a glomerulus (lower left, A). The glomerulus shows mesangial sclerosis with thickened capillary walls (MPN-related glomerulopathy) (B). (A, H&E; B, PAS) 
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may be present in chronic TIN, they lack features of the large atypical 
megakaryocytic cells of SEMHT. The Reed-Sternberg cells of Hodgkin 
lymphoma, which may also appear morphologically similar to the 
atypical megakaryocytes of SEMHT, express CD15 and CD30 and lack 
staining for CD61, in contrast to the megakaryocytes of SEMHT, which 
express CD61 and lack staining for CD15 and CD30. The atypical 
adipocytes of sclerosing liposarcoma express S-100 and lack staining 
for CD61, and high-grade carcinomas express cytokeratins.'* 
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The kidney is a highly vascular organ. From its inception as an 
outgrowth of vascular primordium from the dorsal aorta into the inter- 
mediate mesoderm, vessels are the dominant contributor to the kid- 
ney’s structure and function. Roughly one third of cardiac output is 
directed to the kidneys. Renal blood flow proceeds through the full 
spectrum of arterial segments from elastic artery (proximal renal 
artery), to muscular artery (distal renal, segmental, lobar, interlobar, 
arcuate, and interlobular arteries), to arteriole with specialized vascular 
structures unique to the kidney (glomerulus, efferent arteriole, and 
vasa recta). That the renal vasculature is affected by and can influence 
the development of chronic kidney disease was recognized more than 
150 years ago through gross and microscopic studies of kidneys from 
patients with chronic Bright's disease.'” 

The importance of endothelial cell function in regulating many 
fundamental aspects of organ function, including blood coagulation, 
vascular wall metabolism, transcapillary permeability, and remodeling 
of underlying vascular tissues, has become increasingly recognized 
and understood.’ This chapter focuses on the morphologic patterns of 
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diseases affecting the renal vasculature and endothelium along with 
their clinical manifestations and treatment strategies. 


Acquired Degenerative Vascular Lesions 
Hypertensive Nephrosclerosis 


Incidence and Demographics 

Hypertension, defined as a systolic/diastolic blood pressure above 
140/90 mm Hg, represents a major health problem. It is an indepen- 
dent risk factor for cardiovascular and renal disease and is a major 
factor in cardiovascular disease mortality. The age-adjusted prevalence 
of hypertension during 2006 among individuals older than age 20 years 
in the U.S. population was 33.3%. Non-Hispanic blacks had the highest 
age-adjusted prevalence (44.4% for men and 43.9% for women), non- 
Hispanic whites had an intermediate prevalence (34.1% for men and 
30.3% for women), and Mexican Americans had the lowest prevalence 
(23.1% for men and 30.4% for women).* Although the rates of hyper- 
tension in blacks are high, adults in Germany, England, Finland, and 
Spain all have higher age-adjusted rates of hypertension. In addition 
there is an escalating cross-continental gradient of hypertension preva- 
lence in black populations, which are lowest in Africa, intermediate in 
the Caribbean, and highest in the urban Midwestern United States. 
These gradients predictably track with western lifestyles.* It is esti- 
mated that as many as 30% of all deaths in hypertensive black men and 
20% in hypertensive black women may be because of high blood pres- 
sure. In 2005, the death rate from hypertension (per 100,000 popula- 
tion) was 15.1 in white men, 51.0 in black men, 15.1 in white women, 
and 40.9 in black women.* Synonyms include nephrosclerosis, benign 
nephrosclerosis, and nephroangiosclerosis. 


Clinical Manifestations 

Normal blood pressure in adults age 18 years or older is less than 
120/80 mm Hg. In the seventh report of the Joint National Committee 
on Prevention, Detection, Evaluation, and Treatment of High Blood 
Pressure (JNC 7), prehypertension is defined as a systolic blood 
pressure of 120 to 139 mm Hg or diastolic blood pressure of 80 to 
89 mm Hg; stage 1 hypertension as a systolic blood pressure of 140 to 
159 mm Hg or diastolic blood pressure of 90 to 99 mm Hg; and stage 
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2 hypertension as a systolic blood pressure of 160 mm Hg or greater or 
diastolic blood pressure of 100 mm Hg or greater. The hemodynamic 
hallmark of hypertension is increased peripheral resistance that follows 
or initiates vascular remodeling and hypertrophy in large and small 
vessels. Chronic hypertension has no specific clinical signs or symp- 
toms; however, it results in damage to the heart, brain, kidneys, and 
arteries. Complications include left ventricular hypertrophy, heart 
failure, angina, myocardial infarction, cerebrovascular transient isch- 
emic attacks, stroke, vascular dementia, hypertensive encephalopathy, 
renal failure and end-stage renal disease (ESRD), abdominal aortic 
aneurysm, aortic dissection, and peripheral artery disease.” 

A seminal study published in 1955 described the natural history of 
untreated “essential” hypertension in 500 individuals followed for 
more than 20 years. In this study 18% of patients developed renal 
functional impairment manifested by proteinuria and azotemia.™ 
Microalbuminuria has been determined to be an early marker for 
hypertensive renal disease and a predictor for the progression of hyper- 
tensive renal disease.’ In the AASK trial (African American Study of 
Kidney Disease and Hypertension) baseline proteinuria was a strong 
predictor of progression of renal disease. Patients with a baseline 
urinary protein excretion rate of more than 300 mg/day or a urine 
protein-to-creatinine ratio of more than 0.22 had a more rapid decline 
in glomerular filtration rate (GFR) compared to patients with baseline 
urine protein-to-creatinine ratio of less than 0.22.’ 

The clinical diagnosis of hypertensive nephrosclerosis is difficult 
and is usually presumptive and a diagnosis of exclusion when no other 
renal history is available. The following guidelines have been proposed 
for the diagnosis of hypertension-induced ESRD: (1) documentation 
that renal function was normal at the initial diagnosis of hypertension 
and (2) no historic or clinical data demonstrating other causes of 
ESRD. '*" The accuracy of the clinical diagnosis of hypertensive neph- 
rosclerosis has been studied with renal biopsy or renal angiography 
and in one study was confirmed in only 46% of patients.’ 


Gross Pathology 

Autopsy and nephrectomy specimens from patients with hypertensive 
nephrosclerosis typically have a tightly adherent capsule and coarsely 
granular surface. Advanced disease causes renal atrophy with reduc- 
tion in renal mass and thinning of the cortex. Depressed cortical scars/ 
infarcts may be seen and if numerous suggest combined atheroembolic 
events or other arterial occlusive phenomena (Fig. 8-1). 


Histopathology 

All compartments of the kidney (glomeruli, arteries, tubules, and inter- 
sitium) are affected by hypertension. The glomeruli often show isch- 
emic wrinkling of the peripheral capillary loops, periglomerular 
fibrosis, and thickening of the capillary walls, rarely with focal double 
contouring. Global glomerulosclerosis is frequent and is often more 
prevalent in the outer cortex (Fig. 8-2). Segmental sclerosing lesions 
may be seen, in which case ultrastructural assessment of foot process 
effacement may be needed to differentiate secondary focal segmental 
glomerulosclerosis (FSGS) due to hypertension from superimposed 
primary FSGS. Mesangial nodule formation (similar to diabetic 
nephropathy) is an uncommon finding in hypertensive nephrosclero- 
sis; however, it has been reported in the setting of combined chronic 
hypertension and smoking.” 

The characteristic vascular lesion is hyaline arteriolosclerosis (Fig. 
8-3). Hyaline is a homogeneous, “glassy” eosinophilic material that 
stains positively with periodic acid—Schiff (PAS). The afferent arterioles 
are often the first to show this change. Early deposits are typically 
asymmetrical, but hyaline circumferentially involves the arteriolar 
walls in advanced lesions. Hyaline may extend focally to the walls of 
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Figure 8-1. Hypertensive nephrosclerosis. Note the finely granular outer surface (right) 
and the cortical thinning on the cut surface (left) of this gross kidney specimen. 
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Figure 8-2. Hypertensive nephrosclerosis. The surface of the kidney is irregular with 
subcapsular fibrosis, tubular atrophy and loss, chronic inflammation, and global glo- 
merulosclerosis (H&E stain). 


small muscular arteries, but these arterial segments more often show 
fibrosis of the intima with a typical collagen staining pattern on tri- 
chrome stain and weak PAS staining (Fig. 8-4). Medial fibrosis and 
atrophy are also evident in the muscular artery walls. 

Patchy or confluent areas of intersitial fibrosis with accompanying 
tubular atrophy and global glomerulosclerosis are a constant feature of 
hypertensive nephrosclerosis. These changes are particularly promi- 
nent in subcapsular areas. Intervening regions of preserved paren- 
chyma may show compensatory hypertrophic changes with tubular 
enlargement, irregular tubule contours, and reactive nuclear changes. 
The pattern of scarring and hypertrophy accounts for the granular 
surface appearance of the kidney observed grossly. As is always the case 
with interstitial fibrosis, bland mononuclear inflammation may also be 
seen, but should be confined to areas of scarring. 

There are no characteristic immunofluorescent findings in this 
disease, though hyaline in arterioles and the glomerular hilus may 
nonspecifically bind (or “trap”) immunoglobulin M and C3 (Fig. 8-5). 
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Figure 8-4. Hypertensive nephrosclerosis. The large artery in this PAS-stained sections 
shows moderate intimal fibrosis. 


Figure 8-5. Hypertensive nephrosclerosis. There is nonspecific staining of the wall of 
a small artery for C3 on immunofluorescence. 


If substantial proteinuria is seen, albumin may stain the basement 
membranes and tubular protein reabsorption droplets. 

Glomerular basement membrane wrinkling and mild mesangial 
matrix expansion are frequently seen by electron microscopy. Arterio- 
lar hyaline appears moderately electron dense and shows fine granular- 
ity on higher magnification. It may be associated with lipoid spheres 
and scattered larger dense granules. Hyaline generally accumulates 
between the endothelium and arteriolar smooth muscle (Fig. 8-6). 
Variable and segmental effacement of the podocyte foot processes is a 
common finding. 


Differential Diagnosis 

Although the constellation of findings described is characteristic of 
hypertensive nephrosclerosis, they are not entirely specific. Nephro- 
sclerosis (defined as glomerulosclerosis, tubular atrophy, interstitial 
fibrosis, and arteriosclerosis) has been shown to occur in normal adults 
with normal kidney function and no risk factors for chronic kidney 
disease. Among healthy living kidney donors, nephrosclerosis occurs 
at an older age, with a prevalence of 2.7% for ages 18 to 29 years and 
73% for ages 70 to 77 years." 

Hypertension is common in patients with chronic kidney disease 
from other causes, such as chronic glomerulonephritis, and changes of 
hypertensive nephrosclerosis may also be present. It is important that 
other causes of kidney dysfunction be excluded before a diagnosis of 
pure hypertensive nephrosclerosis is made. 

Chronic calcineurin inhibitor toxicity in renal and other transplant 
recipients closely resembles the interstitial and arteriolar changes of 
hypertensive nephrosclerosis, though it classically has a more regional 
“striped” pattern of fibrosis and more asymmetrical hyaline deposition 
in arterioles. Hyaline arteriolosclerosis is common in diabetic nephrop- 
athy; although the presence of nodular mesangial sclerosis is a helpful 
clue to the diagnosis, accompanying hypertensive nephrosclerosis is 
common and the contributions of each may be difficult to clarify. 
Arteriolar hyaline deposits may rarely be confused with amyloid depo- 
sition; however, amyloid deposits are generally PAS-negative and show 
characteristic birefringence with the Congo red stain. It is important 
that arteriolar hyaline not be confused with arteriolar fibrin thrombi. 
Fibrin has a more granular appearance than hyaline and is not stained 
well with PAS. 
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Figure 8-6. Hypertensive nephrosclerosis. Arteriolar hyaline in the wall of a glomerular arteriole (A) and a small interlobular artery (B) has a homogeneous appearance 


ultrastructurally. 


Prognosis and Treatment 

Treatment of hypertension is twofold: prevention of hypertension and 
control of blood pressure in patients with established hypertension. 
Lifestyle modification, the first step in preventing and controlling 
hypertension, includes weight reduction, dietary modification that 
includes a diet rich in fruits, vegetables, and low-fat dairy products 
with reduced content of saturated and total fat, reduction of dietary 
sodium intake, physical activity, and moderation of alcohol consump- 
tion. All of these lifestyle modifications have been shown to reduce 
blood pressure.” 

Pharmacologic treatment of hypertension includes several classes 
of drugs. Thiazide-type diuretics are generally used as initial therapy 
for most patients with hypertension either alone or in combination 
with other classes such as angiotensin-converting enzyme (ACE) 
inhibitors, angiotensin receptor blockers (ARBs), beta-blockers, and 
calcium channel blockers. Most patients will require two or more anti- 
hypertensive medications to achieve target blood pressure goals. 


Atheroembolic Renal Disease 


Atheroembolic disease is a systemic disorder that typically affects the 
skin, kidneys, GI tract, and brain. It is caused by occlusion of arteries, 
arterioles, and capillaries by atheroemboli originating from atheroma- 
tous plaques in the aorta or other large arteries. Atheromatous material 
may be dislodged spontaneously, following intravascular trauma or in 
the setting of anticoagulation. Atheroembolic renal disease is charac- 
terized by renal failure that can be acute, subacute, or chronic and 
progressive. Synonyms include cholesterol atheroembolism and renal 
cholesterol crystal embolization. 


Incidence and Demographics 
Atheroembolic renal disease complicates widespread atherosclerosis in 
adults older than age 60 years. It affects men predominantly; however, 
the incidence is unknown. In unselected autopsy series, the frequency 
of atheroemboli ranges from 0.31% to 2.4%; however, in autopsy 
studies of older adults who died after aortic surgery or aortic angiog- 
raphy, the frequency ranged from 12% to 77%. The frequency of renal 
atheroemboli in renal biopsy series that included patients older than 
age 60 years was 4% to 6.5%." It has been estimated that renal athero- 
embolism accounts for 5% to 10% of all cases of acute renal failure.” 
The presence of diffuse aortic atherosclerosis is essential for the 
development of atheroembolic renal disease. Risk factors include white 


race, male gender, age greater than 60 years, hypertension, tobacco 
use, diabetes mellitus, and evidence of atherosclerotic vascular disease, 
including ischemic cardiac disease, cerebrovascular disease, abdo- 
minal aortic aneurysm, peripheral vascular disease, and ischemic 
nephropathy.” 


Pathogenesis 

Atherosclerotic plaque is composed of a fibrous cap overlying a core 
of necrotic cellular debris, foam cells, lipid, and cholesterol crystals. 
Hemodynamic stress, inflammation, and hemorrhage can destabilize 
the plaque, leading to erosion and rupture. The material beneath the 
fibrous cap breaks off into the arterial bloodstream and lodges in 
peripheral vessels of the skin, kidneys, GI tract, and brain.’”*! Most 
cases occur following invasive vascular procedures such as abdominal 
aortic aneurysm repair, endovascular surgery, bypass surgery (aor- 
toiliac, aortofemoral, coronary artery), and angiography. Arterial can- 
nulation, incision, clamping, and manual manipulation can dislodge 
atherosclerotic plaque. Atheroembolic renal disease can also follow 
anticoagulant therapy or thrombolytic therapy. These agents can 
undermine the stabilizing protective effects of thrombi on ulcerated 
plaques. 

Once in the bloodstream, the atheroemboli lodge in small arteries 
and produce an endothelial inflammatory reaction beginning with 
neutrophilic and eosinophilic infiltration followed by mononuclear cell 
infiltration and giant cell formation. Thrombus formation takes place 
with endothelial cell proliferation and intimal fibrosis, leading to vas- 
cular occlusion. This later phase occurs within 2 to 4 weeks. The cho- 
lesterol crystals are not removed by phagocytosis and persist within 
the occluded fibroinflammatory vascular lumen.”** 


Clinical Manifestations 
The clinical presentation of atheroembolic disease depends on the 
location and the size of the embolizing plaque, the lodging sites, the 
intensity and recurrence of the showering process, and pre-existing 
atherosclerotic disease. The ascending and proximal aortic arch are the 
major sources of emboli to the cerebral and retinal arteries; emboli to 
the visceral and renal arteries and to arteries of the legs and feet arise 
more commonly from the descending thoracic and abdominal aorta." 
Clinical manifestations of atheroembolic renal disease can be 
apparent immediately or after several weeks. Approximately 20% to 
30% of patients have acute onset of renal failure, usually within 1 week 
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Figure 8-7. Cortical infarcts. Note the finely granular outer surface secondary to 
hypertensive nephrosclerosis, and the depressed cortical scars representing old cortical 
infarcts from atheroembolic disease (arrows) in this gross kidney specimen. 


of a clear causal event. In most cases there is evidence of embolization 
elsewhere. Most patients, however, have a more subacute presentation 
with progressive renal failure developing over several weeks after an 
inciting event. A smaller number of patients have chronic, slowly pro- 
gressive renal failure that is often ascribed to nephrosclerosis or isch- 
emic nephropathy. Atheroembolic disease in these cases may be 
clinically silent because extrarenal signs are usually absent and renal 
biopsy is not performed.” 

Results of aboratory tests are nonspecific in atheroembolic renal 
disease and include anemia, leukocytosis, thrombocytopenia, and 
elevated inflammatory markers such as erythrocyte sedimentation rate 
(ESR) and C-reactive protein. Urinalysis is likewise not specific and 
may show minimal proteinuria with a few cells in the sediment. 
Nephrotic-range proteinuria has been reported in patients with super- 
imposed FSGS or diabetic nephropathy. Eosinophilia frequently occurs 
in the acute phase of the disease, but is typically transient.” 


Radiologic Features and Gross Pathology 

Although renal angiography is not indicated for this disease, serendipi- 
tous segmental occlusion of the interlobar and arcuate arteries may be 
seen on angiograms done for other reasons. Similarly, a MAG3 nuclear 
renal scan may demonstrate regional loss of perfusion. Transesopha- 
geal echocardiography, computed tomography (CT), and magnetic 
resonance imaging are standard imaging techniques for the visualiza- 
tion, characterization, and quantification of atherosclerotic plaque in 
the aorta and can be useful as a predictor of embolization.” 

Grossly, the kidneys often show concomitant hypertensive nephro- 
sclerosis, as well as larger surface depressions that correspond with 
underlying cortical infarcts (Fig. 8-7). The gross changes are not spe- 
cific, however, and may be seen in cortical infarction from other causes. 


Histopathology 

The histologic appearance is characterized by cholesterol clefts with 
associated giant cells and fibrin-platelet debris occluding the lumens 
of muscular arteries (Fig. 8-8). They may be subtle, especially if present 
within small arterioles, in which case the only clue may be luminal 
distortion with the contours of a cholesterol crystal (Fig. 8-9). There 
may be associated multinucleated giant cells. The glomeruli 
in downstream nephrons often show ischemic involution or global 
glomerulosclerosis, although cholesterol clefts may also be apparent in 


interlobular-type artery (B). Both vessels show occlusion of the lumen by emboli com- 
posed of atherosclerotic plaque material with numerous cholesterol clefts and focal 
hemorrhage in the more acute setting (A, left). 


a x È 
Figure 8-9. Atheroembolic renal disease. The glomerulus in this PAS-stained section 
has cholesterol clefts in a hilar arteriole (arrows). 
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section contains a single cholesterol cleft in a peripheral capillary lumen (arrow). 
B, Cholesterol clefts (arrow) may also be evident in glomeruli examined ultrastructurally 
(electron microscopy). 


the glomerular capillaries (Fig. 8-10). Cholesterol crystals may erode 
through the vessel wall and be associated with localized hemorrhage 
and free interstitial cholesterol clefts. When obstruction of a large 
muscular artery occurs, cortical necrosis may result (Fig. 8-11). 

Intense staining for fibrinogen may be seen if areas of cortical 
necrosis are sampled in the frozen tissue submitted for immunofluo- 
rescence staining. If atheroemboli are present in vessels present in 
tissue examined by immunofluorescence, the stain for fibrinogen may 
outline the contours of cholesterol crystals. Cholesterol atheroemboli 
may be present in tissue examined ultrastructurally (Fig. 8-12). 


Differential Diagnosis 
The clinical differential diagnosis is broad and includes renal artery 
atherosclerotic stenosis and hypertensive nephrosclerosis in those 
patients with a more protracted, chronic course and contrast-induced 
acute renal failure in those who present with acute renal failure. In 
contrast nephropathy, the rise in serum creatinine appears early, pla- 
teaus between 5 and 10 days, and slowly returns to baseline.” 

Emboli from other sources, such as endocarditis and arterial 
thrombi, can present in a similar fashion clinically and bear some 
resemblance to atheroembolic disease morphologically. Calcification 
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(right) in atheroembolic renal disease (H&E stain). 


artery in tissue processed for electron microscopy on a toluidine-stained survey section 
(A) and in the electron microscopic image (B). 
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may be present in organizing thrombi or vegetations, but cholesterol 
clefts and atheromatous debris are absent. Rapidly progressive glo- 
merulonephritis secondary to vasculitis is a diagnostic consideration, 
particularly in the presence of skin lesions and eosinophilia; however, 
it is characterized by active urinary sediment and necrotizing and 
crescentic glomerular lesions with or without a necrotizing arteritis on 
renal biopsy. 

Eosinophilia may also suggest allergic tubulointerstitial nephritis; 
however, other signs of atheroembolic disease are lacking and a renal 
biopsy will be diagnostic. When heavy proteinuria occurs, there can 
be formation of cholesterol clefts within tubules, a phenomenon that 
should not be confused with vascular emboli. 


Prognosis and Treatment 

Although there is no specific treatment for cholesterol embolization 
syndrome, supportive care of end-organ damage and secondary pro- 
phylaxis to guard against another episode are advocated.'””*™* Preven- 
tive treatment includes withdrawal of anticoagulant therapy if possible 
and avoidance of additional radiologic or aortic surgical procedures in 
atherosclerotic patients. Supportive therapy includes treatment of 
cardiac dysfunction and hypertension and renal replacement therapy 
for treatment of uremia and fluid balance. Use of statins and cortico- 
steroids has also been shown to have benefit in plaque stabilization 
and regression, and in improving symptoms and nutritional intake, 
respectively.” 

The most important predictors of ESRD requiring permanent dialy- 
sis in these patients is pre-existing chronic kidney disease and long- 
standing hypertension. From 33% to 61% of patients with acute renal 
failure secondary to renal cholesterol atheroembolization require dial- 
ysis; however, only 21% to 39% of patients recover enough function to 
stop dialysis.” The overall prognosis is poor, with 64% to 81% mortal- 
ity reported at 1 year.**”° 


Atherosclerotic Renovascular Disease 


Incidence and Demographics 

Renal artery stenosis (RAS), also known as atherosclerotic renal artery 
stenosis, refers to the anatomic presence of an obstructive renal artery 
lesion and is most commonly caused by atherosclerotic narrowing of 
the renal artery, particularly in older individuals, or by fibromuscular 
dysplasia, a disorder that tends to affect younger women. Renovascular 
hypertension refers to hypertension that occurs as the direct physio- 
logic result of RAS.” 

RAS occurs in 1% to 6% of patients diagnosed with hypertension 
in the general population.” However, in selected populations, such as 
those undergoing diagnostic coronary arteriography, the prevalence is 
greater than 20%; in those patients referred for coronary arteriography 
who also underwent abdominal aortography during the same proce- 
dure, 28% had RAS with less than 50% luminal narrowing and 19.2% 
had RAS with at least 50% narrowing.” In the adult population RAS 
is predominantly the result of atherosclerosis, and the presence of 
atherosclerosis in another vascular bed increases the likelihood of 
finding atherosclerotic renovascular disease.” 

The prevalence of atherosclerotic renovascular disease (>60% ste- 
nosis) in a population with a mean age of 77 years was 6.8%.” An 
autopsy series from the Mayo Clinic found RAS (250% stenosis) in 
27% of patients older than age 50 years, which rose to 53% in those 
with a history of diastolic hypertension (>100 mm Hg).” The demon- 
stration of RAS in a patient with hypertension, however, does not 
necessarily implicate RAS as the cause of hypertension. In a retrospec- 
tive review of aortograms, approximately one half of patients with 
greater than 50% RAS did not have hypertension.” Clinically nonsig- 
nificant RAS is found in patients with essential hypertension, in those 


with renal failure of various causes, and in patients with normal blood 
pressure.” 


Pathogenesis 

Hemodynamic studies across stenotic renal artery lesions indicate that 
pressure gradients and changes in blood flow can be detected only 
when lumen occlusion exceeds nearly 70% to 80% of the luminal area. 
This degree of obstruction has been termed critical stenosis. Reduction 
of systemic arterial pressures proximal to critical lesions results in 
hypoperfusion to the distal arterial segment, sometimes below levels 
needed for autoregulation of blood flow.” 

The renin-angiotensin-aldosterone system is important in the 
development of renovascular hypertension. Renovascular hyperten- 
sion begins with increased renin release in response to diminished 
perfusion to the affected renal afferent arterioles. Renin production in 
the contralateral kidney in unilateral RAS is suppressed by the systemic 
hypertension. Eventually total serum renin levels fall as intravascular 
volume expands under the downstream effects of angiotensin and 
aldosterone. Ischemic nephropathy results from a reduction in glo- 
merular filtration with loss of renal mass and subsequent renal func- 
tional impairment. Therapeutic blood pressure reduction can further 
reduce renal perfusion pressure; when a critical pressure is reached, 
renal blood flow, glomerular filtration, and urine output decrease.” 

The original experiments of Goldblatt and colleagues demonstrated 
that arterial hypertension due to unilateral RAS can cause bilateral 
renal damage.” Because of reduced perfusion pressure beyond the 
stenosis, the renal parenchyma of the kidney with the stenotic renal 
artery is chronically hypoxic, leading to ischemic renal injury (isch- 
emic nephropathy). The contralateral kidney without RAS is progres- 
sively damaged by systemic hypertension that is caused by activation 
of the renin-angiotensin-aldosterone system.” 


Clinical Manifestations 
Clinical signs that suggest a diagnosis of RAS are new onset of diastolic 
hypertension after age 55 years, hypertension that is refractory or resis- 
tant to medical therapy, acceleration of previously well-controlled 
hypertension, development of azotemia during treatment with an ACE 
inhibitor or ARB, asymmetrical renal size, and presence of hyper- 
tension in patients with concurrent atherosclerosis elsewhere™™ (Box 
8-1). Patients who present with an atrophic kidney, unexplained azo- 
temia, or azotemia while receiving ACE inhibitors should be carefully 
investigated for the presence of renal artery disease.” Laboratory tests 
are neither specific or sensitive for RAS; however, measurement of 
renal function, serum potassium, acid-base status, and urinalysis 
should be performed to exclude other possible secondary causes of 
hypertension.” 

Once RAS is suspected, noninvasive diagnostic tests, including 
renal artery duplex ultrasonography, magnetic resonance arteriogra- 
phy, and CT angiography, may be performed.™”™! Ideally the imaging 


Box 8-1. Clinical Signs Suggesting Atherosclerotic Renal Artery Stenosis 


Abrupt onset of diastolic hypertension before age 30 years or after age 55 years 

Accelerated, malignant, or severe hypertension 

Moderate to severe hypertension in the presence of diffuse atherosclerosis 

Presence of a systolic/diastolic epigastric bruit 

Moderate to severe hypertension with unexplained renal insufficiency 

Azotemia induced by angiotensin converting enzyme inhibitors or angiotensin 
receptor blockers 

Asymmetrical kidney size 

Unexplained flash pulmonary edema or recurrent congestive heart failure 

Elevated C-reactive protein 
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Figure 8-13. Atherosclerotic renovascular disease. A, Grossly the kidney with a stenotic renal artery is small and scarred (right) and the other shows effects of systemic hyperten- 
sion with a finely granular surface (/eft). B, The cut surface shows cortical thinning and scarring that is more pronounced in the ischemic kidney (right). 


ry 


small and involuted with cleared cytoplasm resembling the adrenal cortex, so-called “endocrine-like” involution (A, Masson trichrome stain; B, silver stain). 


procedure would identify both the main and accessory renal arteries, 
localize the stenosis, characterize the underlying disease, determine the 
hemodynamic significance of the lesion, determine the likelihood of a 
favorable response to revascularization, identify associated abnormali- 
ties that could affect treatment of the renal artery disease, and detect 
re-stenosis after percutaneous or surgical revascularization.”' 


Radiologic Features and Gross Pathology 

Approximately 90% of the lesions in atherosclerotic renovascular 
disease are at or within 1 cm of the ostia or origin of the renal artery 
from the aorta. The disease can be unilateral or bilateral.” The gross 
appearance of the affected kidneys depends on the severity and dura- 
tion of flow impairment as well as the presence and degree of coexist- 
ing hypertensive nephrosclerosis. Classically the kidney with the 
stenotic renal artery is small and scarred and exhibits changes of 


ischemic nephropathy, and the other, nonstenotic kidney shows 
changes of hypertensive nephrosclerosis (F 13). 


Histopathology 

‘The microscopic findings vary with the evolution of the arterial lesion, 
but acute changes are those of diffuse cortical necrosis, as seen in any 
cause of acute renal ischemia or infarction. The distinctive pattern of 
atrophy seen in longstanding RAS is characterized by “endocrine-like” 
involution and cytoplasmic clearing of the tubules such that they 
resemble cells of the adrenal cortex (Fig. 8-14). Interstitial fibrosis is 
usually delicate and mild; little inflammation is present. The glomeruli 
are relatively spared; however, they do show ischemic wrinkling and 
when sectioned in the appropriate plane, juxtaglomerular apparatus 
hyperplasia (with silver-positive renin granules) and prominence of 
the macula densa may be seen (Fig. 8-15). 
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response to renin-mediated hypertension (silver stain). 


Differential Diagnosis 

Most biopsies from patients with RAS are difficult to distinguish from 
those of hypertensive nephrosclerosis. The characteristic “endocrine- 
like” tubular changes, while quite specific and useful when present, are 
not uniform findings. However, if observed in a patient without known 
RAS, they should prompt an imaging study. 


Prognosis and Treatment 
Atherosclerotic renovascular disease generally progresses over time 
and is often associated with loss of renal mass and worsening renal 
function. Progression is directly related to the degree of stenosis, and 
progression to renal artery occlusion is most likely in patients with 
severe narrowing (260%).”" 

In the mid-1980s serial arteriographic studies showed progression 
of RAS in 44% of patients with atherosclerotic renovascular disease 
and progression to renal artery occlusion in 16% over 52 months.” 
Progressive renal atrophy is associated with RAS; 20% of patients 
scanned with duplex ultrasound initially and at 2 years showed a 
decrease of greater than 1 cm in the bipolar length of the kidney with 
RAS of greater than 60% compared with 5.5% in kidneys with normal 
renal arteries. The risk of atrophy was more significant among kidneys 
exposed to elevated systolic blood pressure, high-grade RAS, and low 
cortical blood flow velocity. Atrophy was associated with an increase 
in serum creatinine.” 

Management options for renovascular hypertension include 
medical management, percutaneous revascularization interventions 
(angioplasty and stenting), and surgical revascularization. Medical 
management can be used alone or in combination with percutaneous 
or surgical intervention. The goals of treatment are to control blood 
pressure, preserve renal function, and avoid complications or adverse 
effects of treatment.” 

Optimizing antihypertensive therapy and overall cardiovascular 
risk is an essential initial step in managing renovascular hypertension. 
Blockade of the renin-angiotensin system through the use of ACE 
inhibitors and ARBs is important in controlling hypertension in these 
patients. Therapy with an additional agent, particularly a diuretic, may 
be necessary. Methods to reduce cardiovascular risk include smoking 
cessation, treatment of dyslipidemia, weight loss, and management of 
glucose intolerance.“ 

Clinical factors and the response to medical management may 
guide a decision to proceed with renal artery revascularization, whether 


endovascular or surgical. Clinical factors that favor medical manage- 
ment and surveillance without revascularization are controlled blood 
pressure with stable renal function, stable renal arterial disease without 
evident progression, advanced age or limited life expectancy, extensive 
co-morbidity, high risk for atheroembolic disease or previous athero- 
embolic disease, and other renal parenchymal disease that explains 
renal dysfunction, such as diabetic nephropathy. Patients who may 
benefit from medical management and revascularization are those who 
exhibit a progressive decline in GFR during treatment of hypertension, 
a failure to achieve adequate blood pressure control despite optimal 
medical management, a rapid or recurrent decline in GFR associated 
with reduced systemic blood pressure, a decline in GFR associated with 
ACE inhibition or ARB therapy, and recurrent congestive heart failure 
out of proportion to left ventricular dysfunction.” 


Malformative Lesions 
Fibromuscular Dysplasia 


Incidence and Demographics 

Fibromuscular dysplasia (FMD) is a noninflammatory, nonatheroscle- 
rotic arterial disease that most commonly affects the renal and carotid 
arteries but has been observed in almost every artery in the body. Renal 
artery FMD is present in approximately 75% of patients with FMD and 
is bilateral in more than 35% of patients. Renal artery aneurysms occur 
in approximately 10% of patients with FMD and may be associated 
with dissection. Extracranial FMD most commonly affects the internal 
carotid artery near the C1-C2 level in up to 70% of patients and the 
vertebral artery in 7% to 19%. An increased prevalence of intracranial 
aneurysms is seen in patients with extracranial FMD compared with 
the general population.” 

FMD most commonly affects women between age 20 and 60 years, 
but may also be seen in males, older individuals, and in the pediatric 
population. The prevalence of renal artery FMD in the general popula- 
tion is not known. In studies of renal arteriograms in potential kidney 
donors, however, the prevalence ranged from 3.8 to 6.6%.“ Given an 
estimate of 151.5 million women over age 18 years in the United States, 
based on studies in the normal donor population, 5.8 to 8.6 million 
women in the United States may have the disorder.” 


Pathogenesis 

Renal artery FMD has been tentatively linked to environmental factors, 
and there appears to be a genetic predisposition. Environmental factors 
implicated in FMD include smoking, exposure to endogenous or exog- 
enous estrogens, and renal mobility when assuming the upright posi- 
tion. However, none of these purported etiologic factors have been 
proven.” 

The occurrence of renal FMD in siblings and identical twins sug- 
gests that genetic factors may be involved.**“° Retrospective analysis of 
patients with FMD has shown that in approximately 11% of cases of 
renal FMD, one sibling also had radiographic evidence of renal FMD; 
however, they were often normotensive or asymptomatic.” In a study 
of 20 families with FMD, 60% had an inheritance pattern suggesting 
an autosomal dominant trait with variable penetrance.” 

A few molecular genetic studies have been conducted, with the 
finding of an association with HLA-Drw6, polymorphisms of the o4- 
antitrypsin gene, and the renin-angiotensin system; however, these 
have not been confirmed.” 


Clinical Manifestations 

The most common clinical presentation of renal artery FMD is 
hypertension in a young woman. Patients may also present with renal 
artery aneurysm, renal artery dissection, and renal artery occlusion. 
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Figure 8-16. Fibromuscular dysplasia. Dissection of the renal artery (A) results in 
extensive renal parenchymal infarction (B). 
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Dissection is the most common cause of renal infarction in patients 
with FMD” (Fig. 8-16). 


Radiologic Features 

FMD is categorized into three types related to the layer of the artery 
wall affected: intima, media, and adventitia (Table 8-1). Medial FMD 
is most common and includes three subtypes: medial fibroplasia, peri- 
medial fibroplasia, and medial hyperplasia. Medial fibroplasia accounts 
for 75% to 80% of all FMDs and is defined by alternating areas of 
thinned media and thickened medial ridges. Multiple stenotic areas 
with post-stenotic dilation cause a “string of beads” appearance on 
angiography***-”° (Fig. 8-17). 

Intimal fibroplasia accounts for approximately 10% of all FMDs and 
is due to collagen deposition in the intima with a fragmented or dupli- 
cated internal elastic lamina.” Angiographically a bandlike constric- 
tion, resulting in a concentric stenosis or long tubular lesion, is seen.” 
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Figure 8-17. Medial fibroplasia. Angiographically the renal artery shows alternating 
narrowed and dilated areas, resulting in a “string of beads” appearance (arrows). 


Perimedial fibroplasia affects young girls between ages 5 and 15 
years, who present with hypertension and renal impairment; it is char- 
acterized by fewer and smaller “beads” angiographically.” 

Medial hyperplasia is rare and appears as a smooth stenosis on 
angiography that may be difficult to differentiate from intimal fibro- 
plasia. Adventitial fibroplasia is rarely seen but may be diagnosed by 
intravascular ultrasound imaging and has an angiographic appearance 
similar to that of intimal disease.” 


Histopathology 

Medial fibroplasia most commonly affects the distal two thirds of the 
renal artery and is characterized by thickened fibromuscular ridges 
alternating with marked mural thinning that is best demonstrated 
when the artery is cut longitudinally to examine and not in cross 
section (Fig. 8-18). Microscopically the ridges of arterial smooth 
muscle are partially or completely replaced by loose fibrous tissue that 
separates and displaces smooth muscle cells. The thinned areas of the 
artery wall are characterized by thinning or complete loss of smooth 
muscle with a deficient internal elastic lamina (Fig. 8-19). 

In medial hyperplasia, the stenosis is produced by hyperplasia of 
arterial smooth muscle without medial disruption or aneurysm forma- 
tion. There is no apparent alteration in the intima or adventitia. 

Perimedial fibroplasia is characterized by fibroplasia of the outer 
half of the media, usually replacing the external elastic membrane 


Table 8-1. Fibromuscular Dysplasia: Incidence, Radiographic Features, and Pathologic Features 


Subtype Incidence Radiographic Features 

Intimal fibroplasia <10% Focal bandlike constriction or long smooth narrowing of 
artery 

Medial fibroplasia 75-80% Alternating stenotic and post-stenotic dilation ("string of 
beads") with dilation larger than artery lumen 

Medial hyperplasia 1-2% Concentric smooth stenosis of artery 


Perimedial fibroplasia 


Adventitial fibroplasia 


10-15% (young girls) 


<1% 


“Beading” of artery; dilation is smaller than artery diameter 


Similar to intimal disease 


Pathologic Features 


Collagen deposition in intima with fragmented and 
duplicated internal elastic lamina 


Thickened muscular ridges alternating with muscle 
attenuation 


Medial smooth muscle hyperplasia without fibrosis 
Extensive collagen deposition in outer half of media 


Dense collagen replaces fibrous tissue of adventitia and 
may extend into surrounding tissue with mild chronic 
inflammation 
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Figure 8-18. Medial fibroplasia. Grossly the renal artery is characterized by circum- 


ferential thickened fibromuscular ridges alternating with dilated areas of muscle 
attenuation. 


Figure 8-19. Medial fibroplasia. Microscopically the artery wall has a normal intima 
and intact internal elastic lamina. The muscular layer is alternately thickened and 
thinned. The marked muscle attenuation results in aneurysmal dilatation of the artery 
(arrow). 


(Fig. 8-20). The layer of fibroplasia is thicker than the inner layer of 
media and is variable in thickness, resulting in an irregularly stenosing 
lesion that appears somewhat beaded angiographically." 

Intimal fibroplasia occurs as a stenotic segment in one or both main 
renal arteries or a major branch. It is characterized by a circumferential 
or eccentric accumulation of loose, moderately cellular, fibrous tissue 
without an atherosclerotic or inflammatory component. Duplication 
of the internal elastic lamina is often seen, but the media and adventitia 
appear normal” (Fig. 8-21). 

In adventitial fibroplasia collagen encompasses the adventitia and 
extends into the surrounding periarterial fibrofatty tissue. There may 
be mild chronic inflammation around small blood vessels and capil- 
laries in the periarterial fibrous tissue. 


Figure 8-20. Perimedial fibroplasia. The inner aspect of the muscular layer of this 
renal artery appears intact; the outer half to two-thirds of the wall is replaced by fibrous 
tissue. 


Figure 8-21. Intimal fibroplasia. This renal artery cross section shows irregular thick- 
ening of the intima with a normal media and adventitia. The internal elastic lamina is 
focally altered. 


The renal parenchymal changes are otherwise identical to those 
observed in RAS due to atherosclerosis. 


Differential Diagnosis 

Renal artery FMD must be differentiated from atherosclerotic renovas- 
cular disease. Generally FMD occurs in the midportion and distal 
portion of the renal artery; atherosclerosis is more common proxi- 
mally, at the renal artery origin from the aorta. Patients with athero- 
sclerotic renovascular disease commonly have other atherosclerosis 
risk factors, whereas patients with FMD are typically younger with few 
risk factors.” 

It may be difficult to differentiate the intimal form of FMD from 
vasculitis, particularly radiographically, although intravascular ultra- 
sound has been helpful.** Most patients with vasculitis have systemic 
evidence of an inflammatory process as well as elevated ESR and a 
positive antineutrophil cytoplasmic antibody. Cases of large-vessel 
vasculitis, however, may occur without changes in acute phase 
reactants.” 

Ehlers-Danlos syndrome type IV has been associated with medial 
fibroplasia and multiple aneurysms and should be considered in 
patients presenting with multiple aneurysms or recurrent renal artery 
dissection.™ 
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Prognosis and Treatment 

It is generally accepted that medial fibroplasia remains stable and has 
a favorable prognosis, whereas intimal disease or perimedial disease 
may progress and be associated with a progressive decline in renal 
function.” The effects of FMD on renal function can be assessed by 
determining the degree of cortical atrophy and renal length. Although 
a loss of renal mass is common in FMD, renal failure rarely results, 
especially in medial fibroplasia.™ 

Medical management of hypertension secondary to renal FMD is 
the first line of therapy’; however, for those whose blood pressure 
cannot be controlled with medications or those with ischemic nephrop- 
athy, revascularization is the next step. In young patients with new- 
onset hypertension due to FMD, percutaneous transluminal angioplasty 
(PCTA) may be the first-line therapy. Because of the high likelihood 
of cure of the hypertension, it has replaced surgery as the preferred 
treatment.” 

A large systematic review of patients with RAS secondary to FMD 
who underwent revascularization using PCTA or surgery showed a 
cure of hypertension (blood pressure < 140/90 mm Hg) in 36% of 
patients treated with PCTA and 54% of patients treated with surgery. 
The probability of cure was negatively associated with age, known 
duration of hypertension, medial-type FMD, and time of publication 
of the study. Other studies have shown overall cure rates of 42% 
to 54%.** 


Vascular Malformation 


Incidence and Demographics 

Renal vascular malformations are abnormal communications between 
the arteries and veins in the kidney. Generally two types are described: 
renal arteriovenous malformations (AVMs) and renal arteriovenous 
fistulas (AVFs). Renal AVMs are congenital and represent a develop- 
mental abnormality with communication of the artery and vein 
through a network of abnormal vessels (often referred to as a nidus). *®™® 
Congenital AVMs comprise 20% to 25% of all AVMs; patients, who are 
generally male, usually present by age 20 to 30 years.°' Renal AVMs 
have been associated with Rendu-Osler-Weber disease.® A renal AVF 
is a direct communication between an artery and a vein and may be 
congenital; however, it is more often acquired. Acquired renal AVFs 
occur most commonly after renal biopsy, with an incidence of approxi- 
mately 15% to 18%.“ Other causes of acquired renal AVF include 
trauma and percutaneous transrenal procedures.’ A third category 
of rare idiopathic renal AVMs has been described; they are generally 
seen in older patients, predominantly females. They may represent 
congenital AVMs presenting at a later age. Renal AVFs may also 
develop from pre-existing arterial aneurysms that erode into an adja- 
cent vein.” 


Clinical Manifestations 
A renal AVM is usually symptomatic; patients often present with gross 
hematuria secondary to rupture of small venules into the renal calyces 
from abnormally increased intravascular pressure. They may present 
with flank pain from obstruction of the renal collecting system or with 
hypertension or high-output cardiac failure. A few patients may be 
asymptomatic or may present during physical examination when an 
abdominal or flank bruit is detected. Rarely AVMs are incidentally 
discovered on imaging studies done for other reasons.” 
Approximately 39% of AVFs are symptomatic; most resolve spon- 
taneously, with only 13% requiring treatment. Gross hematuria occurs 
in less than 10% of patients with acquired AVF. If left untreated, the 
flow through the fistula tends to increase with time with enlargement 
of the feeding artery and draining vein.” 


Table 8-2. Arteriovenous Malformations: Types 


Type Size/Location Features 


Cirsoid >1 cm, adjacent to 


collecting system 


Multiple dilated feeding arteries and 
draining veins with knotted, tortuous 
appearance of numerous vessels and 
arteriovenous communications 


Angiomatous <1 cm, peripheral Single large artery feeding multiple 
interconnecting distal branches and 


draining veins 


Aneurysmal/ 
cavernous 


>1 cm, near hilus Single feeding artery and single draining 


vein with aneurysmal dilatation 


Radiologic Features and Gross Pathology 

Ultrasound with color Doppler assessment may be used initially to 
detect clinically suspected renal AVMs. The lesions appear as cystic 
lesions with high-velocity turbulent flow on color Doppler ultra- 
sound.” A renal AVM could also be suggested by turbulent flow in the 
inferior vena cava or renal vein. If in the left kidney, dilatation of the 
left renal vein is also suggestive of AVM. Digital subtraction angiogra- 
phy may be used to evaluate small arterial feeder vessels and is impor- 
tant in planning management of the AVM. Diagnostic features on 
angiography include abnormal dilatation of the nidus with early opaci- 
fication of venous outflow.” 

AVMs are classified as cirsoid, angiomatous, and aneurysmal or 
cavernous types (Table 8-2). A cavernous AVM has a single arterial 
feeder and a single draining vein with aneurysmal dilation; it may be 
difficult to differentiate from a chronic, acquired AVF. They are usually 
larger than 1 cm in diameter and are located near the renal hilum. 
Cirsoid AVMs, which are the most common type, are composed of 
multiple dilated arterial feeders and draining veins, and have a tortu- 
ous, corkscrew appearance.” Angiomatous AVMs consist of a single 
large artery feeding multiple interconnecting distal branches and 
draining veins. These are usually less than 1 cm in diameter and are 
peripheral.” 

Grossly AVMs are variably sized and may appear as multicystic 
blood-filled masses or as varicose-like vascular dilation. Congenital 
AVMs may be located beneath the urothelium of the renal pelvis, 
resulting in a high frequency of hematuria.” 


Histopathology 

Arteriovenous vascular malformations are composed of an admixture 
of abnormally arranged thick- and thin-walled vessels, resembling 
malformed veins, venules, arteries, and arterioles, occasionally with 
associated thrombosis.” 


Differential Diagnosis 

It is important to differentiate vascular malformations from other 
renal enhancing lesions before percutaneous or surgical interventions 
are planned. Vascular tumors and other tumors arising in the renal 
parenchyma may mimic AVMs radiographically." Intraparenchymal 
aneurysms, which are extremely rare, appear as a single cavity lined by 
a thinned arterial wall or collagenous adventitia. Elastic staining may 
be a helpful in the differential diagnosis. 


Prognosis and Treatment 

Endovascular therapy with embolization is considered the treatment 
of choice for AVMs and AVFs. Treatment relies on destruction of the 
nidus of the AVM and occlusion of the feeder vessels in both AVM and 
AVF with preservation of uninvolved arteries. Endovascular treatment 
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often employs absolute alcohol, which denatures proteins and causes 
sloughing of the endothelium, arterial spasm, and perivascular necro- 
sis, stimulating thrombus formation, which results in complete and 
permanent occlusion. Larger AVMs may be treated with coil emboliza- 
tion of the feeder vessels. Surgical management of AVMs is reserved 
for cases associated with malignancy or in which endovascular methods 
have failed, are too risky, or are technically difficult. In general nephron- 
sparing surgery is preferred.” 


Arteritis 


Vasculitis in general terms describes inflammation and necrosis of 
blood vessels and refers predominantly to arterial disease. Classifica- 
tion of vasculitides has focused on the size of the artery involved: large 
vessels, medium-sized vessels, and small vessels. Small-vessel vasculi- 
tis, which is usually subdivided into granulomatous and nongranulo- 
matous disease, is the disorder most commonly affecting the kidney; 
it is not discussed further in this chapter (see Chapter 5). 

The main renal arteries and branches can be affected in large and 
medium vessel vasculitides—namely Takayasu arteritis, giant cell arte- 
ritis, polyarteritis nodosa (PAN), and Kawasaki disease (‘Table 8-3)— 
and are discussed here. 


Polyarteritis Nodosa 


Incidence and Demographics 

Polyarteritis nodosa, or “classic” PAN, is characterized by necrotizing 
inflammation of medium-sized or small arteries without glomerulone- 
phritis or vasculitis in arterioles, capillaries, or venules.” PAN may 
present as a systemic disease or may involve a single organ. It may be 
idiopathic, occur secondary to a known cause (hepatitis B virus [HBV] 
infection), or may manifest during the course of other diseases.” 
Classic PAN is rare, with an estimated annual incidence of 2 to 9 per 
million population. The frequency of HBV-associated PAN has 


Table 8-3. Large and Medium Vessel Vasculitis: Differentiating Features 


decreased from 36% in the 1970s to 7% to 10% in concert with manda- 
tory testing of blood donors and immunization.” 

PAN affects men more frequently than women, and is seen in all 
ethnic groups; the average age at onset is 50 years. The major environ- 
mental factor associated with PAN is HBV infection.” 


Clinical Manifestations 

The spectrum of systemic involvement in PAN ranges from single- 
organ involvement to multisystem disease. Any organ may be affected; 
however, PAN spares the lungs.” Peripheral neuropathy and GI symp- 
toms are common at presentation, occurring in 75% and 53% of 
patients, respectively. Fever, weight loss, myalgias, and arthralgias are 
also common; renal involvement is present in approximately 22% of 
patients.” 

No test or clinical finding is diagnostic of PAN; the diagnosis 
requires integration of clinical, angiographic, and biopsy findings. 
Clinically PAN should be suspected when there are marked constitu- 
tional symptoms and multisystem involvement. Anemia, polymorpho- 
nuclear leukocytosis, thrombocytosis, and elevated erythrocyte 
sedimentation rate (ESR) and C-reactive protein are usually present in 
the active phase of the disease. Hepatitis B may be detected, particu- 
larly in adults. In one study antineutrophil cytoplasmic antibodies 
(ANCA) were present in 7 of 35 patients with non-HBV-related PAN 
and in 0 of 23 patients with HBV-related PAN.” If ANCA are present, 
granulomatosis with polyangiitis (Wegener’s granulomatosis) and 
microscopic polyangiitis should be excluded. 


Radiologic Features 

Multiple aneurysms or ectatic lesions of mesenteric, renal, and hepatic 
arteries are found in approximately 61% of patients and occlusive 
lesions in 39%.””* Visceral angiography, the reference imaging test 
for the diagnosis of PAN, has a reported sensitivity and specificity of 
90%, a positive predictive value of 55%, and a negative predictive value 
of 98%.” 


PAN TA GCA KD 
Age (yrs) 45-65 10-30 >50 <5 
Gender M>F F>M F>M M>F 
Racial predilection None Japan, Southeast Asia, India, Mexico Northern European Asian, Pacific Islands 


Arterial bifurcation and branch 
sites; spares lung 


Arteries affected 


Large elastic arteries 


Necrotizing arteritis Yes Yes 
Granulomatous inflammation No Yes 
Aneurysms Yes Yes 
Stenosis Yes Yes 
NCGN No No 
HBV Yes No 
Positive ANCA Yes; not in HBV-associated PAN No 
Elevated ESR Yes Yes 
Elevated CRP Yes Yes 


Extracranial branches or aorta Coronary (always), systemic 


muscular arteries 


Yes Yes 
Yes No 
Yes (aorta) Yes 
Yes Yes 
Yes (rare) No 
No No 
No No 
Yes Yes 
Yes Yes 


ANCA, antineutrophil cytoplasmic antibody; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; GCA, giant cell arteritis; HBV, hepatitis B virus; KD, Kawasaki disease; NCGN, necrotizing/crescentic 
glomerulonephritis; PAN, polyarteritis nodosa; TA, Takayasu arteritis. 
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H&E-stained section (B) shows circumferential necrotizing arteritis with transmural involvement and periarterial inflammation. 


Histopathology 
‘The disease is characterized by focal and segmental necrotizing inflam- 
mation of the walls of medium-sized arteries with a predilection for 
bifurcations and branch points of muscular arteries. Different stages 
of the inflammatory process are often present simultaneously.” 
Microscopically the acute lesion is characterized by fibrinoid necrosis 
of the media with a mixed inflammatory cell infiltrate that includes 
neutrophils, monocytes, lymphocytes, and occasionally eosinophils 
(Fig. 8-22). Pseudoaneurysm formation is characterized by an abrupt 
break in the medial layer and elastic lamina with associated adventitial 
stretching and fibrosis (contained rupture). 

In the healing stages, obliterative intimal and medial proliferation 
leads to arterial narrowing with subsequent ischemia and infarction. 
The coexistence of acute and healed lesions is typical. 


Differential Diagnosis 

The differential includes other forms of medium-vessel vasculitis, 
angioinvasive infection, septic embolism, and the intimal form of 
FMD. Necrotizing arteritis can also be a feature of ANCA-mediated 
small-vessel vasculitis (microscopic polyangiitis). 


Prognosis and Treatment 
PAN is an acute and sometimes fatal disease; however, the overall 
prognosis has improved because of earlier diagnosis, rapid initiation 
of more effective therapy, and better patient and therapy monitoring. 
In a survival analysis of patients with PAN, microscopic polyangiitis, 
and Churg-Strauss syndrome, five variables predicting increased risk 
for mortality were identified. These include proteinuria greater than 
1 gram/day, renal insufficiency (serum creatinine > 1.58 mg/dL), 
GI tract involvement, cardiomyopathy, and central nervous system 
involvement. When one factor is present, the expected 5-year mortality 
is 25%; when two factors are present, mortality is 56%. When none of 
these factors is present, the expected mortality for PAN is 12%.” 
Therapeutic options depend on the extent of disease and whether 
or not the PAN is HBV related. The standard treatment regimen for 
PAN not associated with HBV infection consists of corticosteroids and 
cyclophosphamide; however, the beneficial effects of cyclophospha- 
mide are seen more commonly in patients with more severe disease. 
Relapse following treatment is approximately 20% in both HBV- 
associated and non-HBV-associated PAN, with the first relapse occur- 
ring by 30 to 36 months.” 


Takayasu Arteritis 


Incidence and Demographics 

Takayasu arteritis (TA) primarily affects adolescent girls and women 
in the second and third decades of life; however, approximately 17% 
of patients have disease onset after age 40. It is most commonly 
seen in Japan, Southeast Asia, India, and Mexico. In North America, 
the estimated annual incidence is 2.6 per million people.” 
Synonyms include pulseless disease, aortic arch syndrome, and occlusive 
thromboaortopathy. 


Clinical Manifestations 

Patients with TA typically present with nonspecific signs and symp- 
toms, including arthralgia, fever, fatigue, headaches, rashes, and weight 
loss. Because of the nonspecific nature of the symptoms, diagnosis is 
often delayed. No specific laboratory abnormalities aid diagnosis, 
although patients may have a normochromic normocytic anemia and 
hypergammaglobulinemia. Complement activity is normal, and 
disease-specific autoantibodies are absent. 

The American College of Rheumatology (ACR) criteria for the 
diagnosis of TA are the most widely applied; when three or more of 
the criteria are present, the sensitivity is 90.5%, with a specificity of 
97.8%. The revised Ishikawa classification criteria, published in 1998, 
have a reported diagnostic sensitivity and specificity of 92.5% and 95%, 
respectively. The ACR criteria for diagnosis include age younger than 
40 years, claudication of the extremities, decreased brachial artery 
pulse, a blood pressure gradient between arms of greater than 
10 mm Hg, a bruit over the subclavian arteries or aorta, and an abnor- 
mal arteriogram. Diagnosis of TA requires that at least three of these 
six criteria be present.” 

Renal disease has been reported in association with TA and 
includes glomerulonephritis,** amyloidosis,”*’ and renal vascular 
disease.” The renal arteries are involved sometime during the course 
of disease in 50% to 60% of patients with TA.” These lesions include 
RAS most commonly, followed by wall thickening and artery dilation.” 


Radiologic Features 

Vascular imaging techniques used in the assessment of vascular 
involvement in TA include conventional and digital subtraction angi- 
ography, helical CT angiography, and MRI. The most frequent vascular 
lesion is arterial stenosis followed by wall thickening, occlusion, dila- 
tion, and aneurysm. Overall 68.7% of patients have aortic lesions, 61% 
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have involvement of the carotid arteries, and 93% have involvement of 
at least one supra-aortic artery. The total number of vascular lesions 
increases with duration of disease, and arterial dilation and aneurysm 
are more common in patients with longer disease duration and in 
hypertensive patients.” 


Histopathology 

TA is characterized by granulomatous panarteritis of the aorta and its 
major branches. The arteries affected by TA show adventitial thicken- 
ing and cellular infiltration of the tunica media with local destruction 
of vascular smooth muscle cells and elastica. Intimal hyperplasia is 
followed by fibrosis of the media and intima, leading to stenosis and 
occasionally thrombosis.” In approximately 20% of lesions there is 
local destruction of the media with an inadequate fibrotic response 
resulting in dilation and aneurysm formation. Initial inflammatory 
changes are associated with inflammation and proliferation of the vaso 
vasorum. T- and B-lymphocytes may form nodules in the adventitia; 
T-lymphocytes co-localize with dendritic cells. Granulocytes, macro- 
phages, and giant cells are also present.”*”° 


Differential Diagnosis 

Inflammation of large arteries may be seen in Kawasaki disease, Behçet 
syndrome, rheumatoid arthritis, syphilis, and tuberculosis.” The arte- 
ritis most resembling TA is giant cell arteritis (GCA); both have been 
suggested to exist as part of a spectrum of a single disease.” TA and 
GCA have similar histologic features but differ in the age of onset and 
the vascular structures preferentially involved." 


Prognosis and Treatment 

Most patients have chronic or relapsing disease. TA causes morbidity 
in a number of organ systems. Hypertension, a common complication, 
often results from stenotic disease of the renal arteries or aorta. In some 
studies hypertension is reported as a presenting feature in 50% to 75% 
of patients. The 5- and 10-year survival rates are 91% and 84%, respec- 
tively, and overall mortality from TA is 13% to 17%. The most common 
reported cause of death is congestive heart failure.” 

Most patients with active disease respond to glucocorticoid therapy; 
however, relapse is common with taper or withdrawal of steroids. It is 
not uncommon for patients to appear clinically quiescent despite the 
persistence of vascular inflammation, and surgical specimens from 
patients believed to be in remission showed histologic evidence of 
active vasculitis in 40%. PCTA and arterial bypass and reconstruction 
procedures have also been used; however, restenosis is relatively 
common.” 


Giant Cell Arteritis 


Incidence and Demographics 

Giant cell arteritis, also known as temporal arteritis, is a vasculitis that 
affects large and medium-sized arteries with a predilection for cranial 
arteries derived from the carotid artery. Most patients are older than 
age 50 years; the incidence in older individuals appears to be increas- 
ing. The prevalence of GCA in that age-group is estimated at 200 per 
100,000 population in the United States and is higher in Europe.” 


Clinical Manifestations 

Initially GCA was believed to be a localized disease affecting primarily 
the cranial arteries and arteries of the retina and optic nerve, which 
explains the distribution of many of the classic symptoms of GCA. 
Patients often present with tender and swollen temporal arteries, 
temporal headache, jaw claudication and visual loss. Other frequent 
symptoms include fatigue, weight loss, low-grade fever, polymyalgia 


rheumatica, arthralgia, and tenosynovitis, which are present in more 
than half of patients with GCA. Patients often have laboratory evidence 
of systemic inflammation such as an elevated ESR and plasma 
C-reactive protein, as well as anemia and reactive thrombocytosis.” 

The frequency of clinically evident extracranial large artery involve- 
ment is 10% to 15%; however, over time nearly one third of patients 
with GCA develop symptomatic extracranial disease. Extracranial 
GCA has been reported most frequently in the aortic arch and in the 
subclavian, axillary, and femoral/popliteal arteries.” Renal artery 
involvement in GCA is rare.’°"'” 

The diagnostic criteria for GCA proposed by the American College 
of Rheumatology (ACR) include the following: (1) age greater than 50 
years at disease onset; (2) new-onset localized headache; (3) temporal 
artery tenderness or decreased temporal artery pulse; (4) elevated 
Westergren ESR greater than or equal to 50 mm/hour; and (5) artery 
biopsy showing necrotizing arteritis with a predominance of mono- 
nuclear cells or a granulomatous process with multinucleated giant 
cells. The presence of three of these five criteria was associated with a 
sensitivity of 93.5% and a specificity of 91.2%. A classification tree 
using six criteria (excluding elevated ESR and adding scalp tenderness 
and jaw or tongue claudication) resulted in a sensitivity of 95.3% and 
a specificity of 90.7%.' 


Radiologic Features 

Imaging studies useful in making a diagnosis of GCA include temporal 
artery ultrasound and high-resolution color Doppler ultrasound. With 
color Doppler ultrasound it is possible to demonstrate the vessel wall 
and lumen. The most specific (100%) and sensitive (73%) sign for GCA 
using this modality is a concentric hypoechogenic mural thickening 
or “halo” sign, thought to be secondary to vessel wall edema. Artery 
occlusion and stenosis are also helpful signs. Magnetic resonance angi- 
ography and positron emission tomography (PET) may be used to 
assess for extracranial disease. '*Fluorodeoxyglucose (FDG)-PET may 
be useful in detecting GCA involving larger thoracic, abdominal, and 
peripheral arteries." 


Histopathology 

GCA is a panarteritis characterized by infiltration of all layers of the 
arterial wall by T-lymphocytes and macrophages. Multinucleated giant 
cells are usually present adjacent to the fragmented internal elastic 
lamina” (Fig. 8-23). It has been suggested that the inflammatory 
process begins in the adventitia, where resident dendritic cells become 
activated and trigger a T-cell response by antigen presentation.” 
Fragmentation of the internal elastic lamina weakens the artery wall, 
leading to aneurysms and dissections. Artery stenosis is caused by 
intimal thickening from myofibroblast proliferation and secretion of 
extracellular matrix.” 

A temporal artery biopsy is the gold standard for the diagnosis of 
GCA; pathologic confirmation of suspected GCA is necessary. Tempo- 
ral artery biopsy is performed on the most symptomatic side; however, 
bilateral biopsies increase diagnostic sensitivity. A 1.5-cm length of 
artery is suggested and is serially sectioned throughout its length. It 
has been shown that the rate of a positive biopsy is 19% for biopsies 
5 mm long or smaller, 71% to 79% for biopsies 6 mm to 2 cm long, 
and 89% when biopsies were more than 2 cm long.’ 


Differential Diagnosis 

Other causes of large and medium vessel vasculitis should be consid- 
ered in the differential diagnosis of GCA; however, age at presentation 
and the distribution of artery involvement are useful diagnostic crite- 
ria. Although renal disease has been described in patients with GCA, 
other more common causes of renal vasculitis, such as granulomatosis 
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with polyangiitis (Wegener’s granulomatosis) and microscopic polyan- 
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giitis, should be exclude 


Prognosis and Treatment 

Corticosteroids are the mainstay of treatment for GCA; however, other 
corticosteroid-sparing drugs such as methotrexate may be used in 
patients with severe corticosteroid side effects or in patients requiring 
prolonged therapy due to multiple disease relapses.’™ 


Kawasaki Disease 


Incidence and Demographics 
Kawasaki disease (KD), also known as mucocutaneous lymph node 
syndrome, is an acute, self-limiting vasculitis predominantly affecting 
young children. Asian children are more commonly affected. The inci- 
dence in Japan in children younger than age 5 years is 138 per 100,000; 
the incidence in the same population in the United States is 17.1 per 
100,000 and in the UK is 8.1 per 100,000. The most common cause 
of acquired heart disease in children, it is the second most common 
childhood vasculitic illness after Henoch-Schénlein purpura.” In the 
United States the male-to-female ratio is 1.5 to 1.7:1, 76% of children 
affected are younger than age 5 years, and KD is more common during 
the winter and early spring months. Reported associations with KD 
include antecedent respiratory illness, exposure to carpet-cleaning 
fluids, preexisting exanthem, humidifier use, and living near a standing 
body of water.” 

Genetic factors are also implicated in KD. There is a 10-fold greater 
risk of developing KD in siblings of patients with KD than in the 
general Japanese population, and the risk in twins is 13%." 


Clinical Manifestations 

The major clinical features of KD and diagnostic criteria are fever, 
usually higher than 39°C lasting for at least 5 days, conjunctival injec- 
tion of the bulbar conjunctiva (usually bilateral), swelling or erythema 
of the hands and feet with peeling of the fingers and toes 2 to 3 weeks 
after onset of symptoms, oral mucosal changes, truncal rash that 
usually appears within the first 5 days of illness, and cervical lymph- 
adenopathy that is at least 1.5 cm in diameter.'”” Cardiovascular mani- 
festations can be prominent in the acute phase and are the leading 
cause of long-term morbidity and mortality. Coronary artery abnor- 
malities occur in 15% to 25% of untreated patients during the acute 
phase and can be detected within 1 week from the onset of fever. 


During the acute phase of KD, the pericardium, myocardium, endo- 
cardium, cardiac valves, and coronary arteries may all be involved.” 

Laboratory abnormalities during the acute phase include leukocy- 
tosis with a predominance of immature and mature granulocytes, 
anemia, and elevation of acute phase reactants (ESR, C-reactive 
protein). Later in the illness, thrombocytosis is common and usually 
appears in the second week with a gradual return to normal by 4 to 8 
weeks. Plasma lipids may be altered in acute KD. Hypoalbuminemia 
is common and is associated with a more severe and prolonged acute 
phase.’ 

Approximately one third of patients have sterile pyuria. Other 
renal manifestations of KD include proteinuria, transient microscopic 
hematuria, interstitial nephritis, acute renal failure, hemolytic-uremic 
syndrome, and nephrotic syndrome.'’® A recent study of Taiwanese 
children showed radiographic evidence of renal disease in 26 of 50 
patients; it also indicated that renal involvement in KD correlated with 
the presence of coronary artery lesions.'"’ Renal lesions described in 
KD include immune complex glomerulonephritis,'’’ tubulointerstitial 
nephritis, ">" and renal vascular involvement with subsequent RAS." 


Histopathology 

Kawasaki disease is a generalized systemic vasculitis affecting blood 
vessels throughout the body. Although the coronary arteries are almost 
always involved, aneurysms may occur in celiac, mesenteric, femoral, 
iliac, renal, axillary, and brachial arteries. In the early stages, the media 
shows edematous dissociation of the smooth muscle cells, particularly 
at the vessel wall periphery, with endothelial cell swelling and suben- 
dothelial edema. The internal elastic lamina remains intact. At approxi- 
mately 7 to 9 days after onset there is an influx of neutrophils followed 
by mononuclear cells including lymphocytes (predominantly CD8+ T 
cells) and IgA plasma cells. Destruction of the internal elastic lamina 
and fibroblastic proliferation begin, followed by replacement of active 
inflammation with progressive fibrosis and scar formation.'” 


Differential Diagnosis 

The clinical differential diagnosis includes viral infections, scarlet fever, 
staphylococcal scalded skin syndrome, toxic shock syndrome, bacterial 
cervical lymphadenitis, drug hypersensitivity reactions, Stevens- 
Johnson syndrome, juvenile rheumatoid arthritis, Rocky Mountain 
spotted fever, and leptospirosis. Other medium vessel vasculitides 
should also be considered; however, the age and distribution of arterial 
lesions aids in the differential diagnosis. 
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Prognosis and Treatment 

Aspirin has been used in the treatment of KD for many years; however, 
despite its anti-inflammatory and antiplatelet activity, it does not 
appear to lower the frequency of the development of coronary artery 
aneurysms. Intravenous immunoglobulin (IVIG) administration in 
the acute phase has been shown to reduce the prevalence of coronary 
artery abnormalities to less than 5%. Patients are usually treated with 
IVIG and aspirin beginning within the first 10 days of the illness, 
preferably within 7 days.” 

The prognosis of KD is generally good, but long-term cardiac 
sequelae are seen. Angiographic resolution of coronary artery aneu- 
rysms has been observed in 50% to 70% of affected vessels 1 to 2 years 
after disease onset. Approximately 20% of patients who develop coro- 
nary artery aneurysms during the acute phase will develop coronary 
artery stenosis with consequences for cardiac ischemia later in life. 
Long-term epidemiologic data from Japan report that the mortality 
rate for male patients with cardiac sequelae was 2.4 times higher than 
the normal population.'” 


Arteriopathic Disease 


Acute thrombotic microangiopathy is the morphologic consequence 
of a number of disorders that are discussed in Chapter 5. The following 
discussion reviews scleroderma and malignant hypertension, which 
are vasculopathies with morphologic abnormalities of arterioles and 
arteries within the kidney and largely secondary glomerular ischemic 
injury. 


Systemic Sclerosis 


Systemic sclerosis (SSc), also known as scleroderma, is a chronic mul- 
tisystem autoimmune disease with multiple overlapping and poorly 
defined subsets, the two major ones of which are limited cutaneous 
systemic sclerosis (lcSSc) and diffuse cutaneous systemic sclerosis 
(dcSSc) based on the pattern of skin involvement; the skin is almost 
universally affected. The subtypes have different patterns of organ 
involvement, tempo of disease, autoantibody profiles, and survival'’® 
(Table 8-4). The prominent features of the disease reflect autoimmunity 
and inflammation, vascular damage, and fibrosis.!!” Vascular damage, 
particularly as it relates to the kidney, is discussed here. 


Incidence and Demographics 
Overall, SSc affects approximately 1 in 4,000 adults in the United States, 
has a female predominance, and is more frequent in African-Americans 
than in whites. More than 90% of patients with SSc have evidence of 
interstitial lung disease at autopsy, and 40% show restrictive changes 
on pulmonary function tests. Raynaud phenomenon is a prominent 
early vascular feature and in some patients progresses to severe digital 
ischemia. In the kidneys, injury to medium-sized arteries can pre- 
cipitate scleroderma renal crisis, which develops in approximately 15% 
of patients with dcSSc, usually within the first 4 years of disease. Pul- 
monary arterial hypertension, a major complication of SSc, is a leading 
cause of death. Cardiac involvement in SSc is frequent and may be 
secondary to pulmonary arterial hypertension or cardiac fibrosis.” 
An estimated 65% to 86% of scleroderma renal crisis occurs in 
patients with dcSSc, and patients with early dcSSc are at greatest risk. 
In approximately 25% of patients with scleroderma renal crisis the 
diagnosis of SSc is made at the time of renal presentation. Other risk 
factors for the development of scleroderma renal crisis are rapidly 
progressive skin disease, corticosteroid therapy, anemia, hormone 
replacement therapy, pericardial effusion, cardiac insufficiency, large 
joint contractures, the presence of antibodies to RNA polymerase, and 
new cardiac events.’ 


Table 8-4. Systemic Sclerosis: Subtypes by Organ System Involvement 


Limited Cutaneous 
Systemic Sclerosis (%) 


Diffuse Cutaneous 


Organ System Systemic Sclerosis (%) 


Skin 100 100 
Raynaud phenomenon 97 99 
Arthralgias/arthritis 98 78 
Tendon friction rub 60 1 
Esophageal dysmotility 67 67 
Lung 

Interstitial fibrosis 30 37 

Pulmonary 2 31 


hypertension 


Heart 
ECG arrhythmia Hl 19 
Reduced LVEF 20 6 
Kidney 
Renal crisis 17 2 


ECG: electrocardiogram; LVEF, left ventricular ejection fraction. 

Data from Meyer OC, Fertig N, Lucas M, et al. Disease subsets, antinuclear antibody profile, and 
clinical features in 127 French and 247 US adult patients with systemic sclerosis. J Rheumatol. 
2007;34(1):104-109. 


Pathogenesis 

Vascular involvement in SSc includes a spectrum of changes that 
involve the microcirculation and arterioles, including reduction in the 
number of capillaries and the presence of avascular areas. The most 
prominent abnormalities appear in the arteriolar segments of capillary 
beds, which can be visualized in the nail fold. Ultrastructurally early 
changes consist of large gaps between endothelial cells, vacuolization 
of endothelial cell cytoplasm with an increase in the number of basal 
lamina-like layers, and occasional entrapment of lymphocytes and 
cellular vesicles. Cellular apoptosis occurs in more advanced stages. 
Other early changes are intimal swelling and proliferation with mono- 
nuclear cell infiltration. It is not known if these changes precede the 
development of tissue fibrosis or are independent of it. Similar changes 
in the capillaries are reported in all involved organs, including muscles, 
lungs, heart, kidneys, and choroid membranes.'” 

Microvascular endothelial cell injury and apoptosis are central 
events in the pathogenesis of SSc vasculopathy that lead to microcir- 
culatory dysfunction and eventual organ failure. Microvascular dys- 
function is prominent in the early stages of the disease and worsens as 
the disease progresses. The endothelial cell dysfunction is character- 
ized by increased permeability and loss of control of vascular tone. The 
vasospasm is mediated by an imbalance in endothelial vascular signals 
with increased endothelin production and impaired nitric oxide and 
prostacyclin release, which also contributes to intimal proliferation 
and vascular fibrosis and stiffness of the vessel wall. Platelet activation 
and enhanced coagulation with reduced fibrinolysis lead to fibrin 
deposition and contribute to the intimal proliferation and luminal 
narrowing. "®™!? 

Microvascular endothelial cell apoptosis may also activate the 
immune-inflammatory system by dendritic cells and macrophage pre- 
sentation of self-antigen in the apoptotic debris to CD8+ T cells and 
by direct activation of the alternate complement and coagulation 
cascades, leading to microvascular thrombosis. There may also 
be resistance to apoptosis by the surrounding fibroblasts that may 
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lead to myofibroblast differentiation and tissue fibrosis. The cause of 
microvascular endothelial cell apoptosis is not known; however, exper- 
imental evidence suggests that viral triggers, cytotoxic T cells, antibody- 
dependent cellular cytotoxicity, anti-endothelial antibodies, and 
ischemia-reperfusion injury may be involved.'”” 


Clinical Manifestations 

Renal involvement in SSc manifested as renal failure was first described 
in 1863; in 1952 a specific renal lesion was identified as a major cause 
of death.” The primary patterns of renal disease in SSc are scleroderma 
renal crisis, chronic kidney disease, and inflammatory renal disorders. 

Scleroderma renal crisis develops in approximately 12% of patients 
with dcSSc and in 2% of patients with IcSSc. Scleroderma renal crisis 
is rare in juvenile-onset SSc. Patients typically present with accelerated- 
phase hypertension and progressive renal impairment. Hypertension 
is not universal, however, and normotensive scleroderma renal crisis 
has been reported, usually with poor outcome. Other clinical features 
include hypertensive retinopathy, encephalopathy, microangiopathic 
hemolytic anemia, pericarditis, myocarditis, and cardiac arrhythmias. 
Urinalysis commonly demonstrates proteinuria and hematuria, and 
granular casts are often present. Renal failure usually occurs over 
weeks, and anuric renal failure is unusual." 

Patients who have never had scleroderma renal crisis can show 
changes of chronic injury on kidney biopsy, and approximately one 
third of patients with dcSSc have abnormal renal function or protein- 
uria. In one study that followed these patients over 10 years, however, 
the impaired renal function did not progress to ESRD requiring dialy- 
sis. Inflammatory renal disorders have also been reported in patients 
with SSc, including crescentic glomerulonephritis, vasculitis, and 
interstitial nephritis. ™"* 

Antinuclear antibodies (ANA) are detectable in nearly all patients 
with SSc; there is a strong association between an ANA speckled 
pattern and scleroderma renal crisis. The incidence of extensive skin 
and renal disease is also higher in patients with SSc-specific anti-RNA 
polymerase antibodies I and III, which are present in nearly 60% of 
patients with scleroderma renal crisis. Antifibrillarian (anti-U3-RNP) 
antibodies are thought to identify young patients at risk for developing 
internal organ manifestations of SSc, including scleroderma renal 
crisis; patients with SSc and anticentromere antibody are relatively 
protected from developing scleroderma renal crisis'’*’” (Table 8-5). 
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Table 8-5. Antibodies in Systemic Sclerosis 


Antibody Class/Function Clinical Association 
Anti-Scl-70 Anti-DNA topoisomerase | dcSSc; pulmonary fibrosis 
Anticentromere — Anti-kinetochore protein IcSSc; pulmonary 


hypertension 


Anti-RNA Antibodies to RNA polymerases dcSSc; renal involvment 
polymerase |, 
Ill 

Antifibrillarin Antibody to 34 kDa nucleolar dcSSc 


protein component of U3-RNP 


Anti-PM/Scl Antibody to complex of 110-120 Polymyositis/SSc overlap 
kDA nucleolar and nuclear 
proteins 

Anti-Th/To Antibody to RNAse P IcSSc 


ribonucleoprotein complexes 


dcSSc, diffuse cutaneous systemic sclerosis; IcSSc, limited cutaneous systemic sclerosis. 
Data from Castro SV, Jimenez SA. Biomarkers in systemic sclerosis. Biomark Med. 2010;4(1): 
133-147. 


Histopathology 

The pathologic changes of scleroderma renal crisis are very similar to 
those observed in malignant hypertension. Early changes in the small 
interlobular and arcuate arteries and arterioles include myxoid intimal 
proliferation with luminal narrowing and enlargement of endothelial 
nuclei (Fig. 8-24). 

As the lesions progress in the arteries, there is also smooth muscle 
cell infiltration and deposition of collagen in the intima, giving the 
appearance of concentric fibrosis or “onion skin” change (Fig. 8-25). 
Adventitial and periadventitial fibrosis is also present. Fragmented 
erythrocytes and even schistocytes may be caught up in the extracellular 
matrix produced in the arteries, arterioles, and glomeruli. Superim- 
posed fibrin thrombi and fibrinoid necrosis of the media can be 
observed. Large arteries may be normal or show atherosclerotic changes. 

Glomerular capillary endothelial cells appear swollen, obscuring 
the capillary lumina. Later changes include duplication of the base- 
ment membrane with entrapment of endothelial cytoplasmic elements. 


Figure 8-24. Scleroderma renal crisis. The arterioles in the silver-stained section (A) show endothelial cell swelling with a luminal thrombus (arrow) and nearly complete occlusion 
of the arteriolar lumina. The glomerulus (upper right) appears ischemic with hyperplasia of the juxtaglomerular apparatus. The small artery in the H&E-stained section (B) shows 


concentric intimal fibrois and edema with occlusion of the vessel lumen. 
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Figure 8-25. Scleroderma renal crisis. The artery in the H&E-stained section (A) and in the trichrome-stained section (B) shows progressive luminal narrowing by concentric intimal 


fibrosis, imparting an “onion-skin” appearance to the vessel wall. 


Dissolution of glomerular capillary walls can lead to mesangiolysis 
(Fig. 8-26) and glomerular microaneurysms. 

The tubules and interstitium show expected ischemia-induced changes, 
ranging from acute tubular necrosis to infarction and cortical necrosis. 

Staining for fibrinogen highlights areas of thrombosis or fibrinoid 
necrosis in the arteries, arterioles, and glomeruli. IgM and complement 
components may be nonspecifically deposited in small renal arteries, 
but discrete immune complexes are not seen. 

Swelling of endothelial cells is apparent by electron microscopy; 
separation from the glomerular basement membrane with subendo- 
thelial lucent material is often seen (Fig. 8-27). Fibrin tactoids are seen 
within thrombi and areas of fibrinoid necrosis. 

Many of these changes may also be seen in kidneys of patients with 
SSc who are not clinically hypertensive. Subtle renal vascular changes 
with intimal thickening and luminal narrowing are almost universal in 
patients with SSc, including to a lesser extent those with limited cuta- 
neous involvement.” 


shows segmental mesangiolysis and microaneurysm formation. These changes are 
indicative of a thrombotic microangiopathic process. 


Differential Diagnosis 
SSc must be differentiated from other conditions associated with skin 
fibrosis, such as localized scleroderma, scleromyxedema, and eosino- 
philic fasciitis, as well as other rare conditions, including porphyria, 
cutaneous amyloidosis, progerias, and stiff skin syndrome. Toxico- 
epidemic conditions with scleroderma-like features have been 
described, including toxic oil syndrome, the eosinophilia-myalgia syn- 
drome, and nephrogenic fibrosing syndrome. ™” 

The renal arterial changes seen in SSc are identical to those of 
malignant hypertension; however, adventitial and periadvential fibrois 
are unique to SSc.'” 


Prognosis and Treatment 

Therapy with ACE inhibitors has dramatically improved survival in 
patients with scleroderma renal crisis. Intravenous prostacyclin has 
also been reported to increase renal perfusion and normalize blood 


Figure 8-27. Scleroderma renal crisis. The glomerular capillary illustrated in this elec- 
tron microscopic image shows lifting of the damaged endothelial cell from the glomeru- 
lar basement membrane with subendothelial lucency and eventual basement membrane 
duplication. No immune complex deposition is present. 
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pressure. ARBs may be added to the medication regimen if required 
once ACE inhibitors are at full dose; however, they may not be suffi- 
cient to control disease in the absence of ACE inhibitors. Alpha- 
adrenergic blockers and calcium channel antagonists are also helpful 
in refractory hypertension. Plasma exchange therapy may be used in 
patients with microangiopathic hemolytic anemia. Hemodialysis is 
required in approximately two-thirds of patients with scleroderma 
renal crisis; however, renal recovery can occur more than 24 months 
after the crisis. 

The 5-year cumulative survival for patients with scleroderma renal 
crisis was less than 10% before the use of ACE inhibitors and has 
increased to 65% since these drugs became available. Pulmonary arte- 
rial hypertension accounts for approximately 30% of scleroderma- 
related deaths and pulmonary fibrosis for approximately 18%.'~* 


Hypertensive Crisis 


Hypertensive crisis is often defined as a systolic blood pressure greater 
than 180 mm Hg or a diastolic blood pressure greater than 120 mm Hg 
with or without end-organ damage. It is further classified as hyperten- 
sive urgency or hypertensive emergency based on the degree of blood 
pressure elevation and the presence or absence of end-organ damage. 
Hypertensive urgency is defined as a systolic blood pressure greater 
than 180 mm Hg or a diastolic blood pressure greater than 120 mm Hg 
in the absence of or with minimal end-organ damage. Hypertensive 
emergency is severe hypertension—a systolic blood pressure greater 
than 220/140 mm Hg and a diastolic blood pressure greater than 120 
to 130 mm Hg, which irrevocably causes end-organ damage to the 
heart, kidneys, and central nervous system. Accelerated hypertension is 
the term currently used to describe severely elevated blood pressure—a 
systolic blood pressure of greater than 179 mm Hg or a diastolic blood 
pressure greater than 109 mm Hg associated with ocular hemorrhages, 
exudates, and no papilledema. Malignant hypertension is used to define 
marked hypertension with ocular hemorrhages and exudates and with 
papilledema.*’* 

The rate of blood pressure rise is significant, and the degree of blood 
pressure elevation and the length of time hypertension has been 
present determine outcome.” 


Incidence and Demographics 

Hypertensive crisis affects approximately 1% of hypertensive adults. 
The 5-year survival rate among all patients who present with a hyper- 
tensive crisis is 74%. Approximately 76% of hypertensive crises are 
hypertensive urgencies; 24% are hypertensive emergencies.” Hyper- 
tensive crisis is more prevalent among patients with renal disease, 
including RAS and chronic kidney disease; the elderly; and non- 
Hispanic blacks. Men are affected twice as commonly as women.” 


Pathogenesis 

Autoregulatory mechanisms allow maintenance of organ perfusion 
with varying degrees of blood pressure, such that with a mild to mod- 
erate increase in blood pressure, the initial protective response of vaso- 
constriction of arteries and arterioles prevents the increase in blood 
pressure from being transmitted to distal small vessels and capillaries. 
This autoregulatory mechanism maintains perfusion at a relatively 
constant level. If the blood pressure remains high for a prolonged 
period of time, this autoregulatory mechanism eventually fails and 
smaller arteries and capillaries are exposed to higher blood pressure 
levels. High blood pressure results in renal vascular injury and induces 
natriuresis, which results in high plasma renin activity. Endothelial 
cells also secrete vasodilator substances that change vascular resistance 
in response to high blood pressure; however, this compensatory 


Figure 8-28. Hypertensive crisis. The artery and arterioles in this silver-stained section 
show changes similar to those seen in scleroderma renal crisis. The smaller artery lumens 
are occluded by endothelial cell swelling, and the larger artery (left) shows concentric 
intimal fibrosis. 


mechanism fails in severe persistent hypertension. Ultimately severe 
endothelial cell damage occurs and the coagulation cascade is acti- 
vated, eventually leading to vascular fibrinoid necrosis and aggregation 
of platelets, often with associated thrombotic microangiopathy.” 


Clinical Manifestations 
The most common signs and symptoms of hypertensive urgency 
include headache, epistaxis, faintness, psychomotor agitation, chest 
pain, and dyspnea. Arrhythmias and paresthesias are less common. 
Patients presenting with hypertensive emergency commonly complain 
of chest pain, dyspnea, and neurologic deficits. Associated end-organ 
damage includes cerebral infarction, acute pulmonary edema, hyper- 
tensive encephalopathy, and congestive heart failure. Patients may also 
present with intracranial hemorrhage, acute aortic dissection, acute 
myocardial infarction, acute kidney injury, and eclampsia.” 
Occasionally hypertensive crisis produces a clinical picture of 
microangiopathic hemolytic anemia because of direct endothelial cell 
damage, which may be an important indicator of renal injury and 
recovery. 517128 


Histopathology 

The arterial changes in hypertensive crisis are similar to those of SSc 
and may be indistinguishable from the changes in SSc. The arteries 
show obliterative vasculopathy with fibrinoid necrosis and sometimes 
thrombosis of interlobular arteries and smaller arterioles (Fig. 8-28). 
The glomeruli may show evidence of thrombotic microangiopathy, 
with capillary thrombi, endothelial cell damage, and subendothelial 
duplication of the basement membrane. 


Differential Diagnosis 

Hypertensive crisis is indistinguishable from scleroderma renal crisis, 
and clinical and serologic features of SSc should be sought in patients 
presenting with severe hypertension. Background changes of hyperten- 
sive nephrosclerosis may be present in hypertensive crisis and are a 
helpful etiologic clue; however, malignant hypertension can arise in the 
absence of prior chronic hypertension. Other causes of glomerular 
thrombotic microangiopathy should be considered and are summa- 
rized in Chapter 5 (Box 5-1). 
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Prognosis and Treatment 
The most common causes of death following hypertensive crisis are 
renal failure, cerebrovascular accident, myocardial infarction, and 
heart failure. The 1-year mortality rate for patients with untreated 
hypertensive emergencies is 79%; the 5-year survival rate among all 
patients who present with hypertensive crisis is 74%. 

The goal of management is to reduce blood pressure and prevent 
end-organ damage to the brain, heart, kidneys, and vascular system. 


Renal Vein Thrombosis 


Incidence and Demographics 

Renal vein thrombosis (RVT) refers to the presence of thrombus in 
major renal veins or their tributaries, and in adults is most commonly 
associated with the nephrotic syndrome. Unilateral or bilateral RVT is 
reported to develop in approximately 30% of patients with nephrotic 
syndrome, with the greatest risk in membranous nephropathy (37%) 
followed by membranoproliferative glomerulonephritis (26%) and 
minimal change disease (24%).'””’*? Males are affected more com- 
monly than females, and there is no racial predilection. Approximately 
two thirds of patients with RVT have bilateral RVT; in cases with 
unilateral involvement, the left renal vein is affected more commonly 
than the right. ™' 


Etiology and Pathogenesis 

The etiology of RVT is encompassed by three major factors: endothelial 
damage, stasis, and hypercoagulability. Sources of endothelial damage 
include blunt trauma, injury during endovascular radiologic proce- 
dures, acute rejection in the renal allograft, tumor infiltration of the 
vein, phlebitis, and spontaneous microtrauma to the endothelium. 
Venous stasis may be caused by severe intravascular volume loss, such 
as hemorrhage, dehydration and GI tract fluid loss, post-transplant 
kinking of the renal vein in the allograft, and primary retroperitoneal 
processes that compress the renal vein.’*' Causes of hypercoagu- 
lability leading to RVT include the nephrotic syndrome, factor V 
Lieden, mutations of the prothrombin gene, and antiphospholipid 
syndrome.” 

The underlying mechanism of hypercoagulability in nephrotic syn- 
drome is related to an imbalance of prothrombotic factors, such as 
increased fibrinogen levels, increased factor VIII levels, and increased 
platelet adhesiveness; antithrombotic factors, which include reduced 
antithrombin HI levels, reduced protein C and S levels or activity; and 
impaired thrombolytic activity due to decreased plasminogen levels, 
elevated plasminogen activator inhibitor-1 levels, or impaired interac- 
tion of plasminogen and fibrin due to albumin deficiency. Volume 
depletion, diuretic or steroid therapy, venous stasis, immobilization, 
and immune complex activation of the clotting cascade may 
contribute.'””"* 


Clinical Manifestations 

The classic clinical features of RVT are flank pain, flank tenderness, 
microscopic hematuria, rapid deterioration of renal function, and 
worsening proteinuria. Left-sided RVT may lead to gonadal vein 
thrombosis, causing pelvic congestion syndrome in females and 
painful swelling of the left testis and varicocele in males." 


Radiologic Features 

In cases of rapid onset of RVT and complete occlusion of the renal 
vein, the kidney becomes enlarged and reaches maximum size within 
1 week. In approximately 90% of patients, renal ultrasound shows an 
enlarged, hyperechoeic kidney in the early phase of acute RVT. Over 


several weeks the renal size diminishes and the kidney becomes 
atrophic.” 


Differential Diagnosis 
Renal vein thrombosis should be considered in any patient with severe 
nephrotic syndrome and acute renal failure. 


Treatment and Prognosis 

The treatment of overt thombotic or embolic events requires antico- 
agulation with sequential high or low molecular weight heparin and 
oral warfarin. The duration of treatment required to prevent recur- 
rence is not known. The use of prophylactic anticoagulation in a 
patient with severe nephrotic syndrome is controversial; however, it 
might be considered in patients with a serum albumin less than 
2.0 to 2.5 g/dL or if a history of a thromboembolic event or other 
factors favoring thrombosis are present. Screening for genetic causes 
of thrombophilia might be indicated, particularly if a family history of 
recurrent thrombosis is present.” 
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The first successful renal transplant in a human was performed on 
December 23, 1954, at Peter Bent Brigham Hospital in Boston, Mas- 
sachusetts. A kidney was removed from a healthy donor and trans- 
planted into his identical twin. The organ functioned immediately, and 
the recipient lived for 9 years, at which time his allograft failed due to 
recurrent glomerulonephritis. With the development of the first 
immunosuppressive drug, azathioprine, renal transplantation soon 
extended beyond procedures involving identical twins. These initial 
allograft recipients maintained on azathioprine and corticosteroids had 
1-year allograft survival rates of 40% to 50%. With the introduction of 
cyclosporine in the early 1980s, 1-year allograft survival increased to 
more than 80%.’ 

The success of immunosuppression in decreasing the rate of 
allograft rejection has resulted in long-term allograft survival. The 
post-transplant course may be complicated, however, by infection, 
chronic rejection, drug toxicity, and recurrent disease. To maintain a 
well-functioning graft with few complications for either the recipient 
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or the graft, it is imperative that we recognize microscopic changes 
over the life of the graft. These changes include those in the immediate 
post-transplant period, during acute rejection episodes, from acute 
and chronic drug toxicity, from infection, and those resulting in 
chronic allograft damage, including chronic rejection and recurrent 
disease. 


Delayed Graft Function 


Delayed graft function (DGF) is a clinical term used to describe acute 
renal allograft dysfunction in the immediate postoperative period. The 
most commonly used definition requires the need for dialysis in the 
first week after transplantation.” Other definitions include failure of 
the serum creatinine level to decrease by more than 10% within the 
first 3 postoperative days, serum creatinine level greater than 7 mg/dL 
by day 7, and the time required to attain a creatinine clearance of more 
than 10 mL/min.’ Some have used the term slow graft function (SGF) 
to describe milder forms of graft failure resulting in a delayed decrease 
in serum creatinine postoperatively. Definitions of SGF include a cre- 
atinine reduction of less than 70% 1 week post-transplant* and a serum 
creatinine level of greater than 3 mg/dL by postoperative day 5.° 

The most common cause of DGF is ischemia/reperfusion injury 
leading to post-transplant acute tubular necrosis (ATN); however, 
other causes of DGF or SGF include hyperacute or accelerated rejec- 
tion, urinary tract obstruction or leak, arterial or venous thrombosis, 
cortical necrosis or infarction, atheroemboli, fulminant recurrence of 
native disease, acute calcineurin inhibitor toxicity, and impaired effec- 
tive circulating volume.” 


Incidence and Demographics 

DGF is the most common complication in the immediate post- 
transplant period. The rate of DGF after transplantation is 2% to 50%. 
This wide variation in reported rates is due to in part to the lack of 
a universally accepted definition of DGF; however, other variables, 
such as the use of deceased versus living donors, the criteria used to 
initiate dialysis, and the acceptance rate of marginal donors or grafts 
with prolonged cold ischemia times among transplant centers, also 
contribute.’ 
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Risk factors for the development of DGF post-transplantation 
include donor and recipient variables, graft procurement and preserva- 
tion techniques, and immunologic variables. 

Donor characteristics that increase the risk of DGF include age, 
deceased versus living donor, the use of expanded-criteria donors (age 
> 60 years or age 50-59 years with two of the following: hypertension, 
serum creatinine level > 1.5 mg/dL, and death by cerebrovascular 
accident), hypotension, and use of inotropic support. DGF occurs in 
approximately 9% of grafts from living donors and in 20% to 29% of 
grafts from deceased donors. The quality of the deceased donor kidney 
greatly influences the likelihood of DGF. Most deceased donor kidneys 
are obtained after brain death (DBD); however, donation after cardiac 
death (DCD) is increasing. The rate of DGF is greater in DCD kidneys; 
this is due to prolonged warm ischemia and cold ischemia times. Warm 
ischemia time refers to the time from which the aorta is cross-clamped 
in DBD or from asystole in DCD until the organ is cooled; it also 
describes the time between removal of the organ from ice to reperfu- 
sion. Because DCD organs are procured after complete cessation of 
cardiac activity, warm ischemia times are prolonged when compared 
to DBD organs, in which cardiac activity and perfusion of the organ is 
maintained. Cold ischemia time refers to the time the organ is in cold 
storage. Limiting cold ischemia times to less than 12 hours can decrease 
the rate of DGF by 15% in DCD kidneys. 

Recipient variables that influence the risk of DGF include retrans- 
plantation, obesity (body mass index > 30 kg/m’), hemodialysis before 
transplantation, and factors predisposing to vascular thrombosis 
(factor V Leiden mutation, antiphospholipid antibodies, or treatment 
with muromonab-CD3).° Other recipient risk factors for DGF include 
age, male gender, blood pressure, Duffy blood type, and transforming 
growth factor-B1 (TGF-B1) gene polymorphisms.” 

Organ procurement and preservation techniques, particularly the 
variable lengths of warm and cold ischemia times, contribute to 
ischemia/reperfusion injury. Because prolonged warm ischemia time 
can contribute to the development of ATN in the graft, it is recom- 
mended that warm ischemia time be limited to less than 60 minutes.° 
There is also an incremental increase in the risk of DGF with increasing 
cold ischemia time such that there is a 23% increase in rates of DGF 
for every 6-hour increase in cold ischemia time.’ To minimize kidney 
injury during cold ischemia, allograft perfusion techniques, such as 
machine pulsatile perfusion of the graft, and manipulation of storage 
solutions (University of Wisconsin solution) are being investigated.* 

The incidence of DGF is increased in sensitized patients with a 
higher panel-reactive antibody titer and is often due to antibody- 
mediated rejection from preformed antibodies that were not detected 
in the pretransplant crossmatch. Situations in which a preformed anti- 
body is more likely include human leukocyte antigen (HLA) mismatch, 
previous transplants, and transfusions, all of which correlate with the 
risk of DGE? 


Clinical Manifestations 

DGF and SGF are manifested by the lack of a decrease in serum cre- 
atinine level within the first 24 to 72 hours post-transplant and by 
reduced urine output. If the cause of DGF or SGF is rejection, the 
patient may be febrile; graft tenderness may be present. 


Histopathology 

Ischemia/reperfusion injury results in damage to proximal tubules pre- 
dominantly, with resultant ATN on biopsy. ATN is characterized by 
tubular dilation accompanied by attenuation of the epithelium, loss of 
the epithelial cell brush border, and prominent tubular epithelial cell 
nucleoli (Fig. 9-1). Mitotic figures may also be present. Nonisometric 
tubular epithelial cytoplasmic vacuolization may be seen. There is often 


Figure 9-1. Acute tubular necrosis. The tubules in this H&E-stained section show 
expansion of the lumen with attenuation and flattening of the tubular epithelial cells. 
An occasional tubule lumen contains cellular debris. 


variable interstitial edema with minimal to no inflammation. Tubular 
epithelial cell casts and Tamm-Horsfall protein casts may be present, 
often admixed with a few inflammatory cells. Peritubular capillaries, 
particularly in the medulla, may be dilated and contain mononuclear 
cells, red blood cells, and neutrophils. There is no evidence of immune 
complex or complement deposition and no peritubular capillary com- 
plement C4d staining in ischemia/reperfusion injury. Other causes of 
DGF/SGEF are discussed in subsequent sections. 


Differential Diagnosis 

Although the most common cause of DGF in the immediate post- 
operative period is related to ischemia/reperfusion injury, other causes 
that should be excluded include hyperacute rejection, antibody- 
mediated rejection, renal infarction, vascular thrombosis, urinary leak, 
acute calcineurin inhibitor toxicity, fulminant native disease recur- 
rence, and intravascular volume depletion. Any of these causes of 
DGF/SGF can be accompanied by acute tubular injury or necrosis. 
Finding significant interstitial inflammation or glomerular alterations 
indicates additional causes of graft dysfunction, particularly acute 
rejection, and should prompt further investigation, such as staining of 
the biopsy for C4d and perhaps viral antigens such as BK virus and 
cytomegalovirus (CMV) and a search for the presence of circulating 
antibody to donor antigens. Interstitial inflammation with tubulitis 
and interstitial edema suggest accompanying T-cell-mediated acute 
rejection, whereas glomerular capillary or arteriolar thrombosis, glo- 
merulitis, and peritubular capillary C4d staining suggest accompany- 
ing antibody-mediated acute rejection. 

Significant renal infarction can cause prolonged DGF; however, the 
extent of cortical necrosis is often not evident on the biopsy. Segmental 
infarction secondary to transection of a minor artery during the opera- 
tive procedure is not uncommon and, depending on the size, is usually 
compatible with normal graft function. Cortical necrosis is character- 
ized by coagulation necrosis of tubules with diffuse loss of tubular 
nuclei, a loss of defined cell borders, and sloughing of cells from the 
tubular basement membranes (Fig. 9-2). Variable numbers of neutro- 
phils may be present. At the edge of the infarct the tubules appear 
dilated with attenuated epithelium with peritubular capillary conges- 
tion, margination of neutrophils, and interstitial hemorrhage. 

Acute calcineurin inhibitor-induced toxicity can cause diffuse iso- 
metric vacuolization of proximal tubular epithelial cell cytoplasm, 
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Figure 9-2. Cortical necrosis. The tubules on the right in this H&E-stained section have 
undergone coagulation necrosis and only faint outlines of the tubules remain. The 
tubules on the /eft show changes of acute tubular necrosis with attenuation of the 
tubular epithelium and focal sloughing of epithelial cells into the tubule lumina. There 
is also vascular congestion at the periphery of the necrotic area. 


glomerular endothelial cell injury, glomerular capillary fibrin thrombi 
and arteriolar fibrin thrombi, smooth muscle and endothelial cell 
injury, and single myocyte necrosis. These early changes are usually 
reversible with dose reduction or cessation. 

Fulminant recurrence of native disease may be heralded by massive 
proteinuria, such as in recurrent minimal change disease/focal seg- 
mental glomerulosclerosis (FSGS) or other laboratory evidence of 
renal or systemic disease, such as thrombocytopenia and hemolysis in 
recurrent hemolytic-uremic syndrome (HUS). When the clinical sus- 
picion of recurrent disease is high, the biopsy should also be examined 
using immunofluorescence microscopy and electron microscopy. 


Prognosis and Treatment 

DGF has been associated with decreased graft survival, which is associ- 
ated with not only the presence of DGF, but also its duration. The 
half-life of deceased donor allografts has been reported to be 11.5 years 
in the absence of DGF and 7.2 years when DGF is present. DGF was 
significantly independently associated with graft loss.’ Studies in adults 
and children have shown that DGF is associated with decreased graft 
survival*'®"' and that it is an independent predictor of 5-year graft 
loss.*” The duration of DGF is also an important prognostic factor for 
graft survival. It has been shown that in patients stratified by the timing 
of renal function recovery after transplantation, 5-year graft survival 
was 89% for those with immediate graft function, 85% in those who 
recovered function within the first 8 days, and 50% in those with DGF 
lasting longer than 8 days.'* 

The incidence of acute rejection is increased in allografts in patients 
with DGF, likely because of exposure of hidden foreign antigens to the 
recipient immune system.’ The combination of DGF and acute rejec- 
tion is difficult to diagnose and several centers perform surveillance 
biopsies. In the long term, DGF results in decreased graft survival, 
decreased patient survival, decreased renal function at 6 months, and 
increased chronic allograft injury.’ 


Acute T-Cell-Mediated Rejection 


Rejection is a response to grafted tissue. Transplantation of tissues or 
cells from a donor who differs genetically from the recipient induces 
an immune response in the recipient against alloantigens in the donor 


graft. Unchecked, this response destroys the graft. T lymphocytes are 
the major agents of acute rejection, also known as acute cellular rejec- 
tion. The major targets of this response are the major histocompatibil- 
ity complex (MHC) antigens, or HLAs in humans.'*"* The HLA region 
on the short arm of chromosome 6 encodes two structurally distinct 
classes of cell-surface molecules, termed class I (HLA-A, HLA-B, and 
HLA-C) and class II (HLA-DR, HLA-DQ, and HLA-DP).'*” 

T cells recognize foreign antigens when the antigen is associated 
with a self-HLA molecule on the surface of an antigen-presenting cell. 
Helper T cells (CD4) are activated to proliferate, differentiate, and 
secrete cytokines, which increase expression of HLA class II antigens 
on engrafted tissues, stimulate B cells to produce antibodies against the 
allograft, and help cytotoxic T cells, macrophages, and natural killer 
(NK) cells develop cytotoxicity against the graft, causing graft injury.'*"” 


Incidence and Demographics 

The overall risk of acute rejection within 1 year of transplantation is 
5% to 10% in unsensitized patients.” Black renal allograft recipients 
experience greater rates of acute rejection episodes than whites and 
require higher doses of immunosuppressants such as cyclosporine, 
mycophenolate mofetil (MMF), tacrolimus, and muromonab-CD3. 
Adding sirolimus to a protocol that includes cyclosporine and predni- 
sone reduced the rate of acute rejection at 2 years from 43.3% to 17% 
in blacks, similar to the rate in whites (18%); at 5 years the incidence 
of acute rejection in both groups was 21%. The 2-year graft survival 
rates of whites and blacks receiving sirolimus, cyclosporine, and pred- 
nisone was also similar at 79% and 80%, respectively.” 


Clinical Manifestations 

In the early era of renal transplantation when immunosuppression 
consisted of azathioprine and corticosteroids, acute rejection was rela- 
tively common and patients presented with graft tenderness and fever. 
With the introduction of more potent calcineurin inhibitors in the 
1980s and better immunologic matching of donor and recipient, 
the clinical picture of acute rejection has essentially disappeared. The 
overall incidence of acute rejection has decreased significantly; 
however, the acute rejection episodes that do occur tend to be more 
severe.” Although a rise in serum creatinine may signal acute rejec- 
tion, subclinical rejection that is only apparent on protocol allograft 
biopsy in the absence of renal dysfunction can damage the allograft.” 


Histopathology 

The diagnostic features of acute T-cell-mediated allograft rejection 
include interstitial accumulation of mononuclear inflammatory cells 
composed predominantly of CD4+ and CD8+ T lymphocytes (Fig. 
9-3); tubulitis, or infiltration of lymphocytes into the tubular epithe- 
lium (Fig. 9-4); and intimal arteritis, or infiltration of the arterial and 
arteriolar endothelium and intima by mononuclear cells (Fig. 9-5). 
Glomerulitis, or inflammation of glomeruli by CD3+ T cells and 
CD68+ macrophages, is occasionally present (Table 9-1). 

The presence and extent of inflammation of the interstitial, tubular, 
arterial, and glomerular compartments within the allograft biopsy 
form the basis of the Banff schema for grading allograft rejection 
(Table 9-2). The Banff classification of renal allograft pathology was 
developed in an attempt to standardize renal allograft biopsy interpre- 
tation and reporting. The classification originated in a meeting held in 
Banff, Alberta, Canada in August 1991 and was published in 1993. 
Subsequent meetings, held every 2 years, have refined the classifica- 
tion.” The original classification dealt primarily with changes asso- 
ciated with T-cell-mediated rejection. The Banff 2007 update, the 
most recent classification, includes a category for antibody-mediated 
changes.” 
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Figure 9-3. Acute T-cell-mediated rejection. An interstitial inflammatory cell infiltrate 
that is composed predominantly of lymphocytes with associated tubulitis is present on 
this PAS-stained section. 
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Figure 9-4. Acute T-cell-mediated rejection. The tubule in the center of this silver- 
stained section shows infiltration of the tubular epithelium with lymphocytes that have 
breached the basement membrane. This tubulitis is a feature of acute T-cell-mediated 
rejection. 


Chronic rejection, or chronic active T-cell-mediated rejection in 
the Banff schema, is characterized by arterial intimal fibrosis with foam 
cells and mononuclear cell inflammation in the intima” (Fig. 9-6). 


Differential Diagnosis 

The differential diagnosis of acute T-cell-mediated rejection includes 
any cause of tubulointerstitial inflammation, such as drug-related acute 
tubulointerstitial nephritis, acute pyelonephritis, viral infections, and 
lymphoma. The onset of dysfunction or time to the detection of the 
infiltrate post-transplant can help in determining the cause. Addition- 
ally the quality of the infiltrate is often useful. The infiltrate in acute 
pyelonephritis is predominantly neutrophilic, and neutrophilic casts 
are common. Care must be taken, however, not to interpret neutrophils 
within peritubular capillaries, a sign of antibody-mediated rejection, 
as acute pyelonephritis. A drug-related interstitial infiltrate may 
include numerous eosinophils; however, eosinophils may also be 
present in acute rejection. Clinical history, particularly recent changes 
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Figure 9-5. Acute T-cell-mediated rejection. The arteries in these trichrome-stained 
sections show lymphocytes adherent to and undermining the intima with swelling of 
the endothelial cells. The artery in part A is a v1 lesion by Banff criteria; the artery in 
part B is a v2 lesion. 


Table 9-1. Quantitative Criteria for Acute T-Cell—Mediated Allograft Rejection 


Score Interstitium Tubules 

(i, tv, g) (i) (t)* Arteries (v) Glomeruli (g)t 

0 <10% of NSP No cellsin No arteritis No glomerulitis 
tubules 

1 10-25% 1—4 cells  Mild-moderate <25% of glomeruli 

2 26-50% 5-10 cells  Severe§ 25-75% 

3 >50% >10 cellst — Transmural >75% 


*Tubular cross section or 10 tubular cells. 

Segmental or global. 

Two areas of tubular basement membrane destruction and i2/i3 and t2 elsewhere. 

§At least 25% of luminal area in at least one arterial cross section. 

NSP, non-scarred parenchyma. 

From Racusen LC, Solez K, Colvin RB, et al. The Banff 97 working classification of renal allograft 
pathology. Kidney Int. 1999;55(2):713-723. 


Pathology of Kidney Transplantation 


Table 9-2. Classification of T-Cell-Mediated Allograft Rejection 


Diagnostic Category Diagnostic Criteria 


Borderline Foci of tubulitis with minor interstitial inflammation 
(iO or i1) or interstitial inflammation (i2 or i3) 
and minor tubulitis (t1) 

Type IA nflammation involving >25% of nonscarred 
parenchyma (i2) and foci of moderate tubulitis 
(5-10 cells/tubular crosssection; t2) 

Type IB nflammation involving >25% of nonscarred 
parenchyma (i2) and foci of marked tubulitis 
(>10 cells/tubular cross section; t3) 

Type IIA ild to moderate intimal arteritis (v1) 

Type IIB Severe intimal arteritis involving >25% of the 
uminal area (v2) 

Type Ill Transmural arteritis or fibrinoid necrosis (v3). 


Chronic active T-cell— 
mediated rejection 


Chronic arteriopathy with intimal fibrosis and 
mononuclear and foam cell inflammation 


From Solez K, Colvin RB, Racusen LC, et al. Banff 07 classification of renal allograft pathology: 
update and future directions. Am J Transplant. 2008;8(4):753-760. 


section shows prominent intimal proliferation with foam cells and scattered lympho- 
cytes. No fibrin deposition or transmural inflammation is noted. 


in medication or a skin rash, may be helpful. Viral infections within 
the allograft, particularly BK virus and CMV, may be accompanied by 
nuclear inclusions, which may also be detected using immunohisto- 
chemical stains or by in situ hybridization. Granulomatous inflamma- 
tion may indicate infection; however, inflammation may also be seen 
in some drug reactions. Lymphoma involving the allograft is character- 
ized by a more monotonous infiltrate of atypical lymphoid cells and 
may be diagnosed with immunohistochemical stains for lymphoid 
antigens and Epstein-Barr virus in post-transplant lymphoproliferative 
disorders. 


Prognosis and Treatment 

Despite the success of early diagnosis and treatment of allograft rejec- 
tion, there has been no significant improvement in long-term graft 
survival. In a study of trends in acute rejection over time and 


subsequent graft survival, the 3-year overall graft survival in those 
patients with no acute rejection episodes was 91.5%, and the 6-year 
overall graft survival for the same group was 74.4%. For those patients 
with at least one acute rejection episode with a return of serum creati- 
nine to baseline after treatment, the 3-year graft survival was 91.1% 
and the 6-year graft survival was 72.7%. For patients with acute rejec- 
tion whose serum creatinine failed to return to baseline, the 3-year 
graft survival was 72.1% and the 6-year graft survival was 50.4%.” 
Long-term graft survival is better for patients receiving grafts from 
living donors than for recipients of deceased donor kidneys.'”° Ten- 
year graft survival in recipients of grafts from living donors is 55.2% 
and from deceased donors is 36.4%." 

Causes of graft loss include death with a functioning graft; primary 
nonfunction; acute rejection; glomerular disease, including recurrent 
disease, transplant glomerulopathy, and de novo disease; fibrosis and 
tubular atrophy from a number of causes, such as recurrent rejection, 
BK virus-associated nephropathy, recurrent pyelonephritis, and poor 
allograft quality; and medical or surgical conditions, including recur- 
rent nonglomerular disease (sickle cell nephropathy, scleroderma, 
HUS, light chain deposition disease), sepsis/hypotension, acute pyelo- 
nephritis, and lymphoma.” 


Antibody-Mediated Rejection 
Acute Antibody-Mediated Rejection 


Antibodies that can mediate acute rejection include those against HLA 
molecules, endothelial cell antigens, and ABO blood group antigens 
on endothelial cells and red blood cells.” Acute antibody-mediated 
rejection (AAMR), or humoral rejection, is defined by four criteria: (1) 
clinical evidence of acute graft dysfunction, (2) histologic evidence of 
acute graft injury, (3) immunologic evidence of antibody activity, and 
(4) serologic evidence of HLA-specific antibodies or other donor- 
specific antibodies. AAMR can occur at any time after transplantation 
and is characterized by a rapid rise in serum creatinine level. It is 
resistant to therapy with steroids or other T-cell-specific agents and 
has a worse prognosis than pure T-cell-mediated acute rejection.” 


Incidence and Demographics 

AAMR occurs in 6.7% of kidney transplant recipients and is present 
in approximately 32% of allografts diagnosed with acute rejection.” 
AAMR accounts for 27% to 40% of graft losses within the first year of 
transplantation.” Risk factors for the development of AAMR include 
presensitization due to blood transfusion, previous organ transplant, 
or pregnancy and significant HLA mismatch between donor and 
recipient.” 


Clinical Manifestations 

Hyperacute rejection refers to rejection of the graft that occurs almost 
immediately after release of the vascular cross-clamps during the trans- 
plant procedure. The kidney appears flaccid and mottled. There is 
deposition of antibodies against HLA antigens expressed on glomeru- 
lar and microvascular endothelial cells. Activation of the complement 
cascade is followed by endothelial cell necrosis, platelet deposition, 
and local thrombosis. The transplant procedure inevitably ends with 
removal of the graft.” Early AAMR presents as severe, refractory 
allograft dysfunction; however, AAMR can occur in allografts demon- 
strating acute T-cell-mediated rejection, in allografts with DGF and in 
biopsies of normally functioning allografts.**° Antibody-mediated 
rejection can occur years after transplantation, often triggered by a 
decrease in immunosuppression.”° There are no specific clinical mani- 
festations of AAMR; however, a rise in serum creatinine or the lack of 
a fall in serum creatinine post-transplant should lead to a search for 
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Figure 9-7. Acute antibody-mediated rejection. A, In hyperacute rejection, the glom- 
eruli are congested with luminal neutrophils and fibrin thrombi. Peritubular capillaries 
are also congested, and tubules show changes of acute tubular necrosis. B, At higher 
magnification, the PAS-stained glomerulus shows numerous neutrophils within the 
capillary lumina. 


causes. Radiographic studies to assess blood flow to the graft and to 
rule out urinary obstruction are important as well as allograft biopsy 
with immunofluorescent staining for C4d. 


Histopathology 
Hyperacute rejection is characterized by prominent vascular conges- 
tion and interstitial hemorrhage. The glomeruli show intracapillary 
neutrophils and capillary thrombi (Fig. 9-7). Allograft biopsy findings 
that are suggestive of AAMR include dilation of peritubular capillaries 
with the accumulation of neutrophils and mononuclear cells in the 
peritubular capillary lumina, glomerular neutrophilic margination, 
and glomerular capillary thrombi, arteriolar fibrin thrombi, and arte- 
rial fibrinoid necrosis (Table 9-3). Occasionally biopsies will show only 
changes of acute tubular injury. These morphologic features alone, 
while suggestive, are not diagnostic of AAMR. The diagnosis is aided 
by the finding of C4d deposition in the peritubular capillaries.” 
The glomerular capillary lumens often show accumulation of 
neutrophils or mononuclear inflammatory cells, particularly CD68- 
positive monocytes/macrophages. Fibrin thrombi are also characteris- 
tic (Fig. 9-8). Peritubular capillaries are commonly dilated and contain 


Table 9-3. Classification of Antibody-Mediated Allograft Rejection 
Diagnostic Category Diagnostic Criteria 


C4d-Positive, Presence of Circulating Antidonor Antibodies and Acute 
Tissue Injury 


| ATN-like with minimal inflammation 
ll Capillary and/or glomerular inflammation or thrombosis 
Ill Arterial inflammation (v3) 


Chronic active 
antibody-mediated 


C4d-positive, presence of circulating antidonor 
antibodies, chronic tissue injury (transplant 


rejection glomerulopathy, PTC multilayering [EM], interstitial 
fibrosis/tubular atrophy, fibrous intimal thickening of 
arteries) 
Suspicious for AMR C4d-negative with tissue injury as above 


AMR, antibody-mediated rejection; ATN, acute tubular necrosis; EM, electron microscopy; PTC, peri- 
tubular capillary. 

From Solez K, Colvin RB, Racusen LC, et al. Banff 07 classification of renal allograft pathology: 
update and future directions. Am J Transplant. 2008;8(4):753-760. 
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Figure 9-8. Acute antibody-mediated rejection. The glomeruli in these silver-stained 
sections show segmental (A, arrow) or more global (B) capillary luminal thrombi with 
associated dissolution of the mesangium (mesangiolysis). Occasional luminal neutro- 
phils are also present. 
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Figure 9-9. Acute antibody-mediated rejection. The peritubular capillaries in this PAS- 
stained section are dilated and contain numerous luminal neutrophils and mononuclear 
inflammatory cells (arrows). 


neutrophils; however, lymphocytes and monocytes/macrophages are 
also seen™ (Fig. 9-9). 

In pure AAMR the interstitium shows edema, hemorrhage, and a 
scant mononuclear inflammatory cell infiltrate that does not reach the 
diagnostic threshold of T-cell-mediated rejection; however, many 
biopsies demonstrate coexisting T-cell-mediated rejection. Abundant 
mature plasma cells may also be seen. B lymphocytes are rare; however, 
they may form lymphoid aggregates. 

The small arteries and arterioles may show neutrophilic intimal 
arteritis, fibromyxoid intimal thickening, thrombosis, and fibrinoid 
necrosis (Fig. 9-10). Transmural arteritis is rarely seen. 

C4d deposition in peritubular capillaries has been proposed as a 
marker of antibody-mediated renal allograft rejection and correlates 
with the presence of circulating antidonor antibodies (Fig. 9-11). 
Recent updates to the Banff classification of renal allograft pathology 
include scoring of peritubular capillary inflammation (capillaritis) 
and peritubular capillary C4d staining” (Table 9-4). C4d is normally 
present in glomeruli and may be used as a positive internal control. 


B, Larger arteries may show fibrinoid necrosis and intimal arteritis (H&E stain). 


Figure 9-11. Acute antibody-mediated rejection. A, The presence of bright C4d staining of peritubular capillaries is characteristic of antibody-mediated rejection. The peritubular 
capillaries show bright staining compared to the lack of tubular staining. B, Detection of C4d staining of peritubular capillaries may also be accomplished by immunohistochemical 


staining of paraffin-embedded tissue sections. 


Practical Renal Pathology 


190 


Table 9-4. Quantitative Criteria for Peritubular Capillaritis and C4d Staining 


Score Peritubular Capillaritis C4d Staining 

0 None or <10% of PTCs Negative 

1 >10% of PTCs; 3—4 cells/PTC Minimal; 1—10% of biopsy or of 5 HPF 

2 210% of PTCs; 5—10 cells/ Focal; 10-50% of biopsy or of 5 HPF 
PTC 

3 210% of PTCs; >10 cells/PTC Diffuse; >50% of biopsy or of 5 HPF 


HPF, high-powered field; PTC, peritubular capillary. 
From Solez K, Colvin RB, Racusen LC, et al. Banff 07 classification of renal allograft pathology: 
update and future directions. Am J Transplant. 2008;8(4):753-760. 


Differential Diagnosis 

Acute antibody-mediated rejection may manifest morphologically as 
an acute thrombotic microangiopathy; other causes, such as recurrent 
or de novo HUS and acute calcineurin inhibitor toxicity (particularly 
with cyclosporine) should be considered. The finding of diffuse C4d 
staining of peritubular capillaries is indicative of AAMR. Peritubular 
capillaritis may rarely be seen in pauci-immune vasculitis, and necro- 
tizing and crescentic glomerular lesions should be searched for. Deter- 
mination of serum antineutrophil cytoplasmic antibody (ANCA) titer 
may also be helpful. 

C4d staining has been demonstrated in protocol biopsies from 25% 
to 80% of ABO-incompatible renal allografts, with evidence of AAMR 
in only 4% to 12%.” Histologically normal, ABO-compatible grafts 
show C4d staining in 2% to 26%, with a higher frequency noted in 
HLA-presensitized patients.*’*' This “incidental” C4d staining is not 
necessarily indicative of AAMR; however, it has been shown that some 
patients may benefit from antirejection therapy or an increase in base- 
line immunosuppression.* 


Prognosis and Treatment 

Patients with high levels of preexisting donor-specific alloantibody and 
a strong positive cross-match against their donor can develop acute 
antibody-mediated (hyperacute) rejection in the absence of new 
antibody production. It is important to reduce antibody levels before 
transplantation (desensitization) and keep antibody levels low after 
transplantation to prevent AAMR.* 


seen on these silver-stained sections as capillary wall double contours (arrows). 


Strategies for treatment of AAMR are aimed at rapid reduction of 
antibody titers using plasmapheresis and immunosuppressive agents 
such as tacrolimus and mycophenolic acid. Intravenous immunoglob- 
ulin is often used because of its immunomodulatory effects on B lym- 
phocytes and antibody. Rituximab, which binds CD20 at the surface of 
precursor and mature B cells, leads to transient B-cell depletion and 
decreases the concentration of pre-existing and post-transplantation 
antibodies. Other agents that target the prevention of B-cell develop- 
ment into plasma cells may also prove useful. Because normal plasma 
cells express little or no CD20 and are resistant to rituximab-mediated 
depletion, cell-surface molecules expressed by plasma cells might also 
be considered as drug targets in the treatment of AAMR.*** 

Most episodes of AAMR are accompanied by evidence of early 
complement activation, as demonstrated by positive staining of peri- 
tubular capillaries for C4d; however, the exact mechanism of comple- 
ment in the pathogenesis of AAMR is not clear. Eculizumab, a 
humanized monoclonal antibody with high affinity for C5, blocks the 
activation of terminal complement. Eculizumab has been used success- 
fully in the treatment of severe AAMR®* and, when used at the time of 
transplantation, prevented the development of AAMR in patients with 
high levels of donor-specific antibody post-transplantation.”* 


Chronic Active Antibody-Mediated Rejection 


Chronic active antibody-mediated rejection, or chronic humoral rejec- 
tion, is characterized clinically by slowly progressive loss of graft func- 
tion over months to years, often with hypertension and proteinuria. 
The classic glomerular lesion described in chronic humoral rejection 
is transplant glomerulopathy, and the diagnosis is confirmed when 
changes of transplant glomerulopathy are present accompanied by 
variable interstitial fibrosis and tubular atrophy, arterial intimal fibro- 
sis, and multilayering of peritubular capillary basement membranes. 
Positive staining of peritubular capillaries for C4d is often present. 
Transplant glomerulopathy is associated with circulating antidonor 
HLA antibodies, especially to MHC class II antigens, and has a poor 
prognosis.” 

Morphologically, transplant glomerulopathy is characterized by 
widespread duplication of the glomerular basement membrane (GBM) 
with variable mesangial matrix expansion and accumulation of mono- 
nuclear cells in the capillary lumen (Fig. 9-12). Ultrastructurally the 
glomerular capillaries show subendothelial lucency and duplication 
of the GBM (Fig. 9-13). In more than 90% of cases of transplant 
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Figure 9-13. Chronic active antibody-mediated rejection. Electron microscopy dem- 
onstrates that ultrastructurally the capillary wall in transplant glomerulopathy shows 
subendothelial lucency and duplication of the basement membrane with compromise 
of the capillary lumen. 


Figure 9-14. Chronic active antibody-mediated rejection. The peritubular capillary 
basement membranes show multilayering in this electron microscopic image. 


glomerulopathy there is also multilayering of peritubular capillary 
basement membranes (Fig. 9-14) consistent with the notion that 
transplant glomerulopathy represents a “pancapillaritis” of the renal 
allograft.*° 

Positive staining of peritubular capillaries is reported in approxi- 
mately 50% of cases with transplant glomerulopathy. Glomerular stain- 
ing for C4d is also reported and can occur in cases of transplant 
glomerulopathy without peritubular C4d deposition.” 


Pathogenesis of Transplant Glomerulopathy 

In the normal kidney, HLA class I and II molecules are expressed on 
endothelial cells of glomerular and peritubular capillaries. Binding of 
anti-HLA antibodies to endothelial cells could alter the cell phenotype 
and cause widespread capillary injury. Antibodies could have direct 
stimulatory effects or may recruit secondary cellular or humoral medi- 
ators. Complement activation occurs in AAMR and transplant glo- 
merulopathy; however, it may not be necessary or sufficient for the 
development of transplant glomerulopathy, because many cases of 


transplant glomerulopathy lack peritubular capillary C4d staining. 
Another group of humoral mediators potentially triggered by anti- 
HLA antibodies are those of the coagulation cascade, causing micro- 
thrombi, as observed in AAMR. Although thrombi are rarely seen 
in transplant glomerulopathy, activation of the coagulation cascade in 
the kidney as occurs in thrombotic microangiopathy results in a 
chronic glomerulopathy that is morphologically very similar to trans- 
plant glomerulopathy.**° 

It has been proposed that chronic active antibody- mediated rejec- 
tion arises through a series of stages beginning with alloantibody pro- 
duction (stage I) followed by antibody interaction with alloantigens 
resulting in C4d deposition in peritubular capillaries (stage II) leading 
to pathologic changes (stage III) and eventual graft dysfunction 
(stage IV).*° 


Differential Diagnosis of Transplant Glomerulopathy 

It is important to distinguish transplant glomerulopathy from other 
causes of GBM duplication such as membranoproliferative glomerulo- 
nephritis (MPGN), recurrent or de novo, and chronic thrombotic 
microangiopathy. The finding of subendothelial and mesangial immune 
deposits on immunofluorescence or electron microscopy aids in the 
diagnosis of MPGN; however, distinguishing a chronic thrombotic 
microangiopathy from transplant glomerulopathy in the transplant 
setting is more difficult. The presence of peritubular capillary C4d 
staining or detectable antidonor antibodies favors a diagnosis of trans- 
plant glomerulopathy. 


Interstitial Fibrosis and Tubular Atrophy 


In the early transplant literature chronic changes in the renal allograft 
were often referred to as chronic rejection. The early Banff classification 
schema introduced the term chronic allograft nephropathy (CAN), 
which succeeded in reversing the misconception that all late scarring 
in the graft was due to alloimmune injury/rejection; however, 
CAN soon became a wastebasket term for nonspecific parenchymal 
scarring. The term chronic allograft nephropathy was eliminated 
during the 8th Banff Conference on Allograft Pathology held in July 
2005 and was replaced with the category interstitial fibrosis and tubular 
atrophy, no evidence of any specific etiology. Other specific causes of 
interstitial fibrosis and tubular atrophy can be recognized and should 
be reported. 

‘The quantitative scoring criteria for chronic changes in the allograft 
are still applicable and should be reported along with scores for acute 
changes if present (Table 9-5). Other specific causes of interstitial fibro- 
sis and tubular atrophy that are not related to rejection include chronic 
hypertension, calcineurin inhibitor toxicity, chronic urinary tract 
obstruction, chronic pyelonephritis, viral infection, and recurrent 
disease, including recurrent or de novo glomerular diseases. Unfortu- 
nately these causes may overlap and more than one may be present in 
a biopsy. It is important to try and differentiate specific causes of 
allograft dysfunction so that appropriate therapy and measures to slow 
progression may be instituted. 

Chronic allograft injury secondary to chronic rejection can be rec- 
ognized; these changes include transplant glomerulopathy, peritubular 
capillary basement membrane multilayering, fibrous intimal thicken- 
ing of arteries without duplication of the internal elastica, C4d staining 
of peritubular capillaries, aggregation of mononuclear cells within 
peritubular capillaries (Fig. 9-15), transplant glomerulitis (Fig. 9-16), 
and interstitial plasma cell infiltrates (Fig. 9-17). 

Scoring of total inflammation in an allograft biopsy was added to 
the Banff schema during the 9th Banff Conference on Allograft Pathol- 
ogy in 2007 as the “ti” score, which quantitatively records the degree 
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Table 9-5. Quantitative Criteria for Chronic Allograft Damage 


Interstitial Tubular Arterial Fibrosis Intimal Arteriolar Mesangial Matrix Total 
Score Fibrosis (ci) Atrophy (ct) Thickening (cv)* Hyaline (ah) Allograft Glomerulopathy (cg) Increase (mm) Inflammation (ti)t 
0 <5% None None None None None <10% 
1 6-25% up to 25% <25% narrowing Mild-moderate in at Double contours in up to 25% of Moderate in up to 10-25% 
least 1 arteriole loops in most affected 25% of glomeruli 
glomeruli 
2 26-50% 26-50% 26-50% narrowing Moderate-severe in Double contours in 26-50% of Moderate in 26-50% 
>1 arteriole loops in most affected 26-50% of 
glomeruli glomeruli 
3 >50% >50% >50% narrowing Severe in many Double contours in >50% of loops Moderate in >50% >50% 


arterioles 


in most affected glomeruli of glomeruli 


*In most severely affected vessel with fibrointimal thickening + breaks in internal elastic lamina or foam cells or occasional mononuclear cells in intima. 


tin scarred and nonscarred parenchyma (added to Banff schema in 2007). 


Data from Racusen LC, Solez K, Colvin RB, et al. The Banff 97 working classification of renal allograft pathology. Kidney Int. 1999;55(2):713-723; and Solez K, Colvin RB, Racusen LC, et al. Banff 07 clas- 
sification of renal allograft pathology: update and future directions. Am J Transplant. 2008;8(4):753-760. 


Figure 9-15. Interstitial fibrosis and tubular atrophy. Peritubular capillary mononu- 
clear cells (arrows) in the setting of interstitial fibrosis and tubular atrophy should raise 
the possibility of chronic antibody-mediated rejection with or without positive staining 
for C4d (Masson trichrome stain). 


of interstitial inflammation in the total renal parenchyma, including 
scarred and nonscarred areas.”* 


Drug-Induced Injury 


The introduction of cyclosporine in the early 1980s dramatically 
improved outcomes for renal allograft recipients and allowed success- 
ful heart, liver, and pancreas transplantation. Reports of cyclosporine 
nephrotoxicity soon followed, however.” The discussion here focuses 
on nephrotoxicity from calcineurin inhibitors, namely cyclosporine 
and tacrolimus. 


Acute Calcineurin Inhibitor Toxicity 


Calcineurin inhibitors (CNI) cause reversible functional impairment 
through afferent arteriolar vasoconstriction. Endothelial dysfunction is 
also an essential factor in the pathogenesis of acute CNI toxicity. Acutely 
CNIs can cause an acute thrombotic microangiopathy as a result of 
endothelial injury from vasoconstriction-associated ischemia, increased 
platelet aggregation, and activation of prothrombotic factors. Morpho- 
logically the glomeruli contain capillary luminal thrombi with associ- 
ated mesangiolysis identical to those seen in de novo HUS” (Fig. 9-18). 
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Figure 9-16. Interstitial fibrosis and tubular atrophy. Increased numbers of glomerular 
capillary mononuclear cells (transplant glomerulitis, Masson trichrome stain; A), which 
can be demonstrated using an immunohistochemical stain for CD68 (B), should also 
raise the possibility of a chronic antibody-mediated process. 
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Acute CNI toxicity also results in “toxic tubulopathy,’ characterized by 
isometric vacuolization of the tubular epithelial cell cytoplasm as a 
result of enlargement of the endoplasmic reticulum and increased lyso- 
somes.”' The acute changes of CNI toxicity are uncommon. 


Chronic Calcineurin Inhibitor Toxicity 


Chronic CNI toxicity can affect native kidneys in the setting of other 
solid organ transplantation as well as the renal allograft. Features of 
chronic CNI toxicity are not specific, however, and may be seen in 
other settings, making a definitive diagnosis of pure chronic CNI toxic- 
ity difficult. Chronic CNI toxicity more commonly occurs in associa- 
tion with other causes of chronic allograft injury, such as chronic 
rejection, hypertension, and recurrent disease. Morphologic features 
of chronic CNI toxicity include interstitial fibrosis, which is 
often described as “striped? associated with tubular atrophy 
(Fig. 9-19), medial arteriolar hyaline deposition (Fig. 9-20), glomerular 
capsular fibrosis, global and segmental glomerulosclerosis, juxtaglo- 
merular apparatus hyperplasia, and tubular microcalcifications.” 


Figure 9-17. Interstitial fibrosis and tubular atrophy. Interstitial plasma cells may be 
seen in H&E-stained section in chronic allograft injury; however, if these are numerous 
or occur in sheets, it should raise suspicion for a plasma cell rich post-transplant lym- 
phoproliferative disorder. 


Figure 9-19. Chronic calcineurin inhibitor toxicity. The interstitial fibrosis in chronic 
calcineurin inhibitor toxicity is described as having a “striped” quality, with areas of 
fibrosis alternating with areas of more intact parenchyma (Masson trichrome stain). 
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Figure 9-18. Acute calcineurin inhibitor toxicity. Acute thrombotic microangiopathy Figure 9-20. Chronic calcineurin inhibitor toxicity. Medial arteriolar hyaline deposition 
(arrows) may be seen in acute calcineurin inhibitor toxicity toxicity (A, Masson trichrome (arrow) is a feature of chronic calcineurin inhibitor toxicity and appears as PAS-positive, 
stain; B, silver stain). homogeneous material in the arteriolar wall. 
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Table 9-6. Differential Diagnosis of Chronic Allograft Injury 


Lesion Differential Diagnosis 


Interstitial fibrosis 
and tubular 
atrophy 


Pre-existing donor injury, aging, ischemia/reperfusion 
injury, chronic rejection, infection, chronic 
ischemia, urinary tract obstruction, diabetes 
mellitus, recurrent glomerular or tubulointerstitia 
disease, chronic CNI toxicity (striped) 


Arteriolar hyalinosis Diabetes mellitus, hypertension, chronic CNI toxicity 


Global 
glomerulosclerosis 


Pre-existing donor injury, aging, chronic glomerula 
ischemia, recurrent or de novo glomerular 
disease, hypertension 


Recurrent or de novo FSGS, hyperfiltration injury, 
secondary FSGS (other GN) 


Segmental 
glomerulosclerosis 


Glomerular capillary Transplant glomerulopathy, recurrent or de novo 


double contours MPGN, chronic thrombotic microangiopathy 
Arterial intimal Chronic active T-cell-mediated rejection (with 
fibrosis mononuclear/foam cells), hypertension, systemic 
sclerosis 
Tubular Pre-existing donor injury, acute tubular necrosis, 
microcalcifications phosphate nephropathy (colonoscopy prep 
related), CNI toxicity 


Chronic interstitia 
inflammation 


Chronic rejection, chronic tubulointerstitial nephritis, 
chronic pyelonephritis/reflux, viral infection (BK 
virus), PTLD 


Chronic antibody-mediated rejection (with or 
without peritubular capillary C4d) 


Peritubular capillary 
mononuclear cells 


CNI, calcineurin inhibitor; FSGS, focal segmental glomerulosclerosis; GN, glomerulonephritis; MPGN, 
membranoproliferative glomerulonephritis; PTLD, post-transplant lymphoproliferative disorder. 


Unfortunately the differential diagnosis is broad when these chronic 
changes are observed on allograft biopsy (‘Table 9-6). 


Infection in the Renal Allograft Recipient 


Renal transplant recipients are vulnerable to several infectious com- 
plications that are largely determined by the net state of immunosup- 
pression, environmental exposures, and breaches in mucocutaneous 
barriers.” The key is to optimize immunosuppression to maintain a 
balance between rejection and infection. 

Infections important to recognize on allograft biopsy are bacterial 
and fungal, causing acute pyelonephritis or allograft abscesses, and 
viral infections, which are important to differentiate from acute T-cell- 
mediated rejection. 


Infections in the First Month after Transplantation 


‘Three categories of infection occur in the initial post-transplant month. 
The first is related to technical problems, particularly surgical wound 
infections, urinary tract infections, vascular access infections, and pul- 
monary infections. More than 90% of these infections are bacterial and 
fungal. The second are pre-existing active or latent infections in the 
recipient that are exacerbated by immunosuppression, such as hepatitis 
B and Aspergillus infections. The third category is infections of donor 
origin that are transmitted through the allograft, such as West Nile 
virus and human immunodeficiency virus.” 


Infections Two to Six Months after Transplantation 


Infections occurring 2 to 6 months post-transplant are usually viral 
and fungal opportunistic infections and include CMV, BK virus, 


Table 9-7. Viral Infections in the Renal Allograft 
Virus Diagnostic Features 


PTLD (polymorphic, monomorphic) 
EBER and EBV-LMP-1 positive 


Epstein-Barr virus (EBV) 


Cytomegalovirus (CMV) nterstitial inflammation, tubulitis, 
glomerular leukocytosis, glomerular 
thrombi 


ntranuclear inclusions with halo 


Polyoma (BK) virus nterstitial inflammation, tubulitis (more 
common in deep cortex/medulla) 

Enlarged tubule nuclei with basophilic 

inclusion 

“Decoy” cells in urine 


Adenovirus Necrotizing granulomatous interstitial 
inflammation 

Tubular damage 

Smudgy intranuclear inclusions 

More common in corticomedullary 


junction/medulla 


EBER, EBV-encoded RNA; PTLD, post-transplant lymphoproliferative disorder. 


Epstein-Barr virus (EBV), and Aspergillus fungal infection. Viruses 
such as CMV, EBV, human herpesvirus 6, hepatitis B virus, and hepa- 
titis C virus have an immunomodulatory effect and can add to the net 
state of immunosuppression.” 


Infections beyond Six Months after Transplantation 


Beyond 6 months, approximately 80% of transplant recipients are receiv- 
ing low maintenance doses of immunosuppressive agents and are primar- 
ily at risk for various community-acquired infections.” Occasionally 
some opportunistic infections, such as CMV infection, may become clini- 
cally apparent beyond 6 months post-transplantation in patients complet- 
ing prophylaxis. Approximately 10% of patients may develop ongoing 
viral infections, resulting in a chronic progressive course. A smaller 
number of patients who were immunologically at high risk before trans- 
plant or who were exposed to higher doses of immunosuppressive agents 
develop opportunistic infection, resulting in chronic illness.” 


Viral Infections 


The effects of viral infection may be direct, meaning there is cellular 
and tissue injury, or indirect, injury caused by inflammatory responses 
to infections such as the release of cytokines, chemokines, or growth 
factors. These immunomodulatory effectors may result in further 
immune suppression, increasing the risk of other opportunistic infec- 
tions, or may alter the expression of surface antigens, provoking graft 
rejection or causing dysregulated cellular proliferation.“ 

Many viral infections after renal transplantation result from reacti- 
vation of “latent” viral infection in the host or from the graft. Factors 
contributing to viral reactivation include immune suppression, graft 
rejection and therapy, inflammation, and tissue injury.” 

Biopsy of the renal allograft is an important means of establishing 
a viral infection as the cause of dysfunction. The following are among 
the more common viral infections diagnosed on allograft biopsy 
(Table 9-7). 


Epstein-Barr Virus 


In immunosuppressed transplant patients, primary EBV infections 
cause a mononucleosis-type syndrome, which generally presents as a 
lymphocytosis with or without lymphadenopathy or pharyngitis. Men- 
ingitis, hepatitis, and pancreatitis may also occur.™* 
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EBV plays a central role in the pathogenesis of post-transplant 
lymphoproliferative disorder (PTLD), although not all PTLD is EBV 
related. Primary EBV infection is the most clearly defined risk factor 
and increases the risk for PTLD by tenfold to 76-fold. The spectrum 
of EBV-related disease ranges from benign polyclonal B-cell infectious 
mononucleosis-like disease to malignant lymphoma. Most lymphomas 
are of B-cell origin; however, T-cell PTLD has been reported in 10% 
to 15% of cases, usually in the late transplant period. T-cell PTLD 
involving the allograft may be difficult to distinguish from acute rejec- 
tion or other viral infection. Compared with lymphoma in the general 
population, PTLD is more commonly extranodal, has a poorer response 
to therapy, and produces poorer outcomes.” In solid organ transplan- 
tation, PTLD is almost always of recipient origin.” In kidney trans- 
plantation the incidence of PTLD is approximately 1%, which is lower 
than that found in heart, lung, and liver transplantation.” 

Clinically patients with EBV-associated PTLD may present with 
unexplained fever; a mononucleosis-like syndrome with fever and 
malaise with or without pharyngitis or tonsillitis; lymphocytosis 
usually without lymphadenopathy until later in the course; GI 
bleeding, obstruction, or perforation; back pain, abdominal pain, or 
obstructive symptoms caused by mass lesions; infiltrative disease in 
the allograft, hepatic, or pancreatic dysfunction; headache or central 
nervous system disease; and pulmonary nodules on chest x-ray.™* 

Lines of evidence supporting the central role of EBV in the patho- 
genesis of PTLD are several. EBV is present in almost all PTLDs that 
occur early after transplantation and can be detected in the allograft 
weeks to months before development of overt PTLD.” EBV is fre- 
quently clonally integrated in tumor cells of polymorphic and mono- 
morphic PTLDs, indicating that it is present at the time of malignant 
transformation. Increasing EBV titers can be detected in the blood of 
patients before development of PTLD and treatment with EBV-specific 
T cells can result in tumor reduction, and EBV latent genes have trans- 
forming activity in B cells. 


Histopathology 
The World Health Organization classification of PTLD introduced in 
2008 includes four subtypes. Early lesions (I) include plasmacytic 
hyperplasia, in which the architecture of the involved organ is generally 
retained; however, there are sheets of plasma cells with scattered EBV- 
positive immunoblasts, and an infectious mononucleosis-like PTLD, in 
which there is expansion of the T-cell zone by immunoblasts and plasma 
cells. Cytologic atypia of early lesions is minimal, and some lesions may 
show overlapping features.” Immunophenotyping of early lesions is 
not generally useful; however, immunoblasts will frequently show evi- 
dence of EBV infection by in situ hybridization for EBV-encoded RNA 
(EBER) or EBV LMP-1 immunohistochemical staining.” 
Polymorphic PTLD (II) is characterized by effacement of the 
underlying tissue architecture and a mixed infiltrate of small and 
medium-sized lymphocytes, immunoblasts, and plasma cells. A high 
mitotic rate and atypical lymphoid cells are present. Immunophe- 
notyping will show variable mixtures of B cells and T cells. B cells may 
show polytypic immunoglobulin expression; however, monotypic 
B-cell populations may be detected. Most polymorphic PTLDs will 
express EBER and EBV-LMP-1 with variable expression of EBV- 
encoded nuclear antigen I and other viral antigens (Fig. 9-21). Molecu- 
lar analysis of IGH or episomal EBV genome will usually show a clonal 
pattern; clonal cytogenetic changes may also be present.” 
Monomorphic PTLD (III) is the most common form of PTLD and 
shows destruction of underlying tissue architecture and malignant 
cytologic features. In general these lesions are characterized by large 
aggregates and confluent sheets of transformed cells with large nuclei 
and prominent nucleoli (Fig. 9-22). The cells can show marked pleo- 
morphism or plasmacytoid/plasma cell differentiation. Monomorphic 
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Figure 9-21. Epstein-Barr virus (EBV) infection. The diagnosis of post-transplant lym- 


phoproliferative disorder can be confirmed by demonstrating EBV-infected cells by in 
situ hybridization. 
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Figure 9-22. Epstein-Barr virus (EBV) infection. A post-transplant lymphoproliferative 
disorder in the renal allograft is characterized by a diffuse, dense infiltrate of atypical 
lymphoid cells involving large areas of the renal parenchyma (H&E stain). 


PTLDs are divided according to B-cell or T-cell lineage and further 
subclassified according to the WHO classification of lymphomas in 
the nontransplant population.” The four main categories of monomor- 
phic PTLD include diffuse large B-cell lymphoma, Burkitt lymphoma, 
plasma cell myeloma, and T-cell PTLD, which includes T/NK-cell 
lesions. The fourth subtype (IV), classical Hodgkin lymphoma-type 
PTLD, is rare; the mixed cellularity form is most common. 


Differential Diagnosis 

The most important lesion to differentiate from PTLD in the renal 
allograft is acute rejection. In general an acute rejection infiltrate will 
be composed predominantly of T cells with a few scattered B cells. The 
finding of large sheets of B cells or plasma cells or a dense infiltrate, 
particularly if there is destruction of native architecture, should raise 
the suspicion of PTLD. Immunophenotyping and assessment of the 
presence of EBV, which is absent in rejection, is helpful. 

Timely and accurate diagnosis of PTLD is essential for early inter- 
vention, and a high index of suspicion is required. Monitoring of EBV 
viral load in peripheral blood has been shown to be helpful in predict- 
ing the development of PTLD. Persistently low levels have a good 
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Figure 9-23. Cytomegalovirus infection. Glomerular endothelial cells contain intranuclear and cytoplasmic inclusions (arrows) characteristic of cytomegalovirus (A, H&E stain), 
which can be confirmed by immunohistochemical staining (B). 


negative predictive value for the development of EBV-positive PTLD. 
The EBV levels appear to increase before PTLD and decrease with 
successful treatment.” 


Cytomegalovirus 


CMV is an important pathogen in transplant recipients because of its 
direct and indirect effects. Patients with CMV infection often present 
with an asymptomatic viremia or with fever and neutropenia associated 
with a flulike illness with myalgias and fatigue. Other direct effects include 
pneumonia; GI inflammation, ulcers, bleeding, and perforation; hepatitis; 
pancreatitis; and chorioretinitis. Indirect effects of CMV infection include 
an increased risk of secondary infection by bacteria, fungi, and other 
viruses; an increased risk of graft rejection; an increased risk of PTLD; 
and a possible increase in the risk of HHV-6 and HHV-7 infection. 
Primary CMV infection occurs when a seronegative individual 
receives a graft from a latently infected seropositive donor with subse- 
quent reactivation of the virus and systemic dissemination after trans- 
plantation. Primary CMV infection may also occur in seronegative 
recipients after transfusion or sexual contact. Reactivation CMV infec- 
tion occurs in seropositive individuals who reactivate the virus after 
transplantation regardless of the CMV status of the donor.” 


Histopathology 

Infection with CMV must be distinguished from invasive disease due 
to CMV. CMV infection is defined as isolation of the virus or detection 
of viral proteins or nucleic acids in any body fluid or tissue specimen. 
The diagnosis of CMV disease is made when there is evidence of tissue 
injury combined with virus isolation or histopathologic or immuno- 
histochemical detection of the virus in tissue.” Using quantitative buffy 
coat PCR, it has been shown that CMV-DNA levels exceeding 500 
copies/ug of total DNA from peripheral blood leukocytes correlate 
with symptomatic disease in most cases.” 

The biopsy findings in CMV infection are variable and include 
interstitial inflammation with tubulitis, glomerular leukocytosis, and 
glomerular thrombi. CMV nuclear and cytoplasmic inclusions may 
be present and are usually found in endothelial cells; however, tubular 
epithelial cells are also involved. A CMV-related glomerulopathy has 
been described.“ Direct evidence of CMV infection with CMV 
inclusions is uncommon in the renal allograft even with evidence of 
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dysfunction and apparent CMV disease, and inclusions are present in 
fewer than 1% of transplant biopsies of patients with CMV disease.°”°° 

The nuclear inclusions of CMV infection are described as “owl’s 
eyes” and are characterized by an intranuclear basophilic inclusion 
with a surrounding halo. Immunohistochemical staining and in situ 
hybridization are useful for confirmation (Fig. 9-23). 


Differential Diagnosis 

In the renal allograft biopsy acute rejection in the setting of viral infec- 
tion, or interstitial nephritis as a consequence of CMV infection may be 
difficult to differentiate, particularly since the finding of inclusions on 
biopsy is uncommon. Quantitative buffy coat CMV-DNA levels may be 
helpful but even if elevated may not indicate direct tissue injury due to 
CMV. If CMV inclusions are detected on biopsy, the dysfunction may 
be presumed to be due to CMV; however, accompanying acute rejection 
cannot be completely excluded. Glomerular endothelial cell CMV inclu- 
sions may be present and may be associated with a glomerulopathy that 
resembles chronic transplant glomerulopathy.™” Necrotizing and cres- 
centic glomerulonephritis secondary to CMV infection has also been 
described and, if present in an allograft biopsy, should elicit a search 
for systemic vasculitis with determination of serum ANCA or demon- 
stration of immune complexes by immunofluorescence in immune 
complex-mediated necrotizing and crescentic glomerulonephritis. 


Polyoma (BK) Virus 


The human polyoma virus family contains two clinically important 
viruses, the BK virus and the JC virus, named after the patients in 
which infection was first documented.® Both the BK and JC viruses 
are human-specific; however, they share important properties with the 
simian virus SV40. SV40 was introduced to humans in the 1950s and 
1960s through contamination of polio vaccines” and has rarely been 
described in transplant recipients with renal dysfunction.” JC virus is 
more commonly associated with progressive multifocal leukoencepha- 
lopathy and is a much less common cause of renal dysfunction.” 

Primary infections occur early in childhood, and serologic evidence 
of prior exposure is demonstrable in 60% to 80% of adults. After 
primary infection, the viruses (mainly JC virus) become latent in the 
kidney and brain, but reactivation can occur and is particularly impor- 
tant in the renal allograft recipient.” 


In kidney transplant patients BK virus reactivation occurs soon 
after transplantation and is identified in the urine of approximately 
30% to 50% of patients 3 months after transplantation. Progression 
from viruria to viremia occurs in approximately 10% to 15% of all 
kidney transplant recipients. Interstitial nephritis with graft dys- 
function occurs in 1% to 10% of patients.’”’” The risk factors for 
development of BK virus nephropathy (BKVN) are not known, but 
most patients with BKVN have received newer immunosuppressive 
drugs, such as tacrolimus or mycophenolate mofetil.” Renal transplant 
recipients have the highest risk of developing BKVN, in contrast to 
other organ recipients, and this higher propensity is thought to be 
secondary to ongoing graft injury due to drug toxicity, allograft 
ischemia, and other injurious agents. Other host or host-graft relation- 
ship factors may also determine the evolution of BKVN in a given 
patient.” 

BK virus viruria is not a specific marker of BKVN, and the absence 
of viruria practically excludes BKVN because viruria precedes its 
development and is a prerequisite for diagnosis. BK viremia is not 
present in patients with low-level or limited replication of the virus in 
the urinary tract and develops only if there is significant tissue damage 
with progression of BKVN. Quantification of BK viremia is a specific 
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test for confirmation of renal parenchymal involvement (i.e., BKVN). 
Serial determination of BK viremia is useful in demonstrating resolu- 
tion of the disease after immunosuppression has been reduced; 
however, the sensitivity of viremia for the diagnosis of BKVN is 70% 
and is therefore not a good screening test.” 

Monitoring of BK viral load in the blood (viremia) after transplan- 
tation has been advocated as a means of early identification,” 7” and 
early BKVN has been detected in protocol allograft biopsies from 
patients with normal allograft function.” 


Histopathology 

Biopsies from allografts infected with the polyoma (BK) virus show 
patchy interstitial inflammation that is usually in the deeper cortex or 
outer medulla. Foci of tubulitis may also be seen. The infected cells 
show nuclear enlargement with a basophilic inclusion and peripheral- 
ization of the chromatin (Fig. 9-24). The presence of BK virus infection 
can be confirmed by immunohistochemistry or in situ hybridization 
(Fig. 9-25), and viral inclusions may also be detected ultrastructurally 
(Fig. 9-26). The cells will often be sloughed into the tubule lumen. 
These sloughed cells are demonstrated on cytologic examination of the 
urine as decoy cells” (Fig. 9-27). 
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Figure 9-25. BK virus infection. The presence of BK virus can be confirmed using in situ hybridization (A) or immunohistochemical staining for SV40 (B). 
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Figure 9-26. BK virus infection. The intranuclear inclusions can also be demonstrated 
ultrastructurally. 


Figure 9-27. BK virus infection. The infected tubular epithelial cells can shed into the 
urine and can be detected as “decoy” cells on cytologic examination (arrows). Care 
must be taken to differentiate these from malignant urothelial cells. 


Differential Diagnosis 

Because BK virus infection causes tubulointerstitial nephritis with 
tubulitis, it may be difficult to differentiate from acute rejection and 
may, in some cases, be present in conjunction with acute rejection. 
Because the treatment of BKVN differs significantly from the treat- 
ment of acute rejection, it is important to make this distinction. 


Adenovirus 


Adenovirus infection with viremia is detectable in approximately 6.5% 
of renal transplant recipients within the first year; however, adenovirus 
infection of the graft is less common. Patients usually present with 
hemorrhagic cystitis and hematuria. Adenovirus infection may be 
diagnosed with urine viral culture, electron microscopy of urinary 
sediment, or serum PCR to document viremia. 


Histopathology 

Biopsy of the renal allograft in adenovirus infection demonstrates 
tubular viral cytopathic features of hyperchromatic, ground glass, or 
smudgy intranuclear inclusions associated with tubular epithelial cell 
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Figure 9-28. Adenovirus infection. A, Adenovirus infection of the renal allograft 
causes an interstitial inflammatory cell infiltrate with focal granulomatous and necrotiz- 
ing areas on this H&E-stained section. B, At higher magnification, the tubule intranu- 
clear inclusions have a smudgy appearance (arrows) in this H&E-stained section. 


necrosis, interstitial inflammation, and tubular destruction (Fig. 9-28). 
Necrotizing granulomatous inflammation with palisading tubulocen- 
tric granulomas surrounding damaged tubules is common. The distal 
nephron is preferentially affected, and interstitial infiltrates are more 
common at the corticomedullary junction and in the medulla. Overt 
parenchymal necrosis with neutrophilic infiltrates and interstitial hem- 
orrhage may also be seen with adenovirus infection.” The presence of 
adenovirus can be confirmed in tissue with in situ hybridization or 
immunohistochemistry (Fig. 9-29). 


Differential Diagnosis 
The intranuclear inclusions of adenovirus are similar to those of BK 
virus, and both viruses elicit an inflammatory reaction in the inter- 
stitium. The inclusions of BK virus infection are generally more 
numerous, and a granulomatous inflammatory reaction is uncommon. 
Likewise tubular destruction and parenchymal necrosis, uncommon 
in BK virus infection, is more commonly seen in adenovirus 
infection. 

The viral inclusions of CMV differ from those of adenovirus and 
BK virus in that the large intranuclear inclusion of CMV is surrounded 
by a halo and cytoplasmic viral inclusions are often present. Although 
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Figure 9-29. Adenovirus infection. The presence of adenovirus infection can be con- 
firmed using in situ hybridization. 


CMV also infects tubular epithelium, inclusions are also present in 
endothelial cell nuclei, and CMV inclusions are commonly seen in 
glomerular capillary endothelial cells. Like adenovirus and BK virus, 
CMV infection also elicits a tubulointerstitial inflammatory reaction; 
however, the reaction is not generally granulomatous. 

Concomitant acute rejection is commonly associated with viral 
infection and can be diagnosed if the tubulointerstitial changes of 
rejection are separate from areas showing viral infection, if there is a 
lesion of intimal arteritis indicative of type II acute rejection, or if there 
is positive staining of peritubular capillaries for C4d, which would 
indicate an antibody-mediated rejection process.” The diagnosis of 
acute rejection in the setting of allograft viral infection can be difficult 
to make. 


Recurrent Disease in the Renal Allograft 


Glomerulonephritis is considered to be recurrent in an allograft when 
the form present in the native kidneys recurs in the transplanted 
kidney. The prevalence of glomerulonephritis as the cause of end-stage 
renal disease varies between 10% and 25% and is more common in 
children and whites. Recurrence of the original glomerular disease 
has been reported in 2.9% to 12% of recipients; however, in many cases 
the cause of renal failure is not known and recurrence can only 
be presumed. In these instances de novo disease developing in the 
allograft cannot be excluded. Approximately 8% of patients lose their 
grafts as a result of recurrent glomerulonephritis by 10 years after 
transplantation.” 

The rate of recurrence varies among the glomerular diseases; it is 
reported to be 20% to 30% in idiopathic FSGS, 25% for IgA nephropa- 
thy, 25% for type 1 MPGN, 80% for dense deposit disease, 30% for 
membranous nephropathy, and 10% to 60% for HUS.® Renal disease 
associated with systemic diseases may also recur in the allograft. 


Recurrent and De Novo Glomerular Diseases in the 

Renal Allograft 

Focal Segmental Glomerulosclerosis 

FSGS is the cause of end-stage renal disease in 7% to 10% of patients 


requiring renal replacement therapy. The overall recurrence rate after 
transplantation is approximately 20% to 30%. Recurrence manifests 


with proteinuria (often 10-40 grams/day) developing within hours to 
weeks after transplantation. Children, particularly nonblack children, 
have a higher rate of recurrence. Higher risk of recurrence is also 
present in those with an aggressive form of FSGS before transplanta- 
tion and heavy proteinuria pretransplant. Patients with a history of 
prior allograft loss secondary to FSGS are at increased risk of recur- 
rence in a subsequent graft, with rates up to 80% in the second graft 
and more than 90% in the third and subsequent transplants.” Recur- 
rence leads to graft loss in half of all patients. Several studies have 
demonstrated the efficacy of plasma exchange therapy and protein 
adsorption therapy in reducing proteinuria in recurrent FSGS.°°** 
Allograft biopsy from a patient with early recurrence of nephrotic 
syndrome due to recurrent FSGS may show changes compatible with 
minimal change disease with no identifiable morphologic abnormali- 
ties by light microscopy, but will show extensive podocyte foot process 
effacement ultrastructurally. Alternatively areas of focal and segmental 
capillary sclerosis may be present. It is not uncommon to also see 
changes of ATN; these patients will often have renal dysfunction. 


IgA Nephropathy 
Most patients with IgA nephropathy develop histologic recurrence 
within their grafts, which usually presents with mild proteinuria; 
however, many will have recurrent IgA deposition noted only on 
routine allograft biopsy. Clinical manifestations are noted 3 months to 
4 years after surgery, and progressive disease is relatively uncommon 
with an estimated 10-year incidence of graft loss due to recurrent IgA 
nephropathy of 9.7%. The risk of recurrence in a second transplant in 
patients with prior graft loss due to recurrent IgA nephropathy is 
increased.** 

Mesangial IgA deposits are evident on immunofluorescent staining 
and ultrastructurally. The glomeruli will show variable mesangial pro- 
liferation and sclerosis with disease progression. 


Membranous Nephropathy 


Membranous nephropathy recurs in approximately 30% of patients, 
typically 1 to 3 years after transplantation. It is associated with gradual 
graft loss occurring over 2 to 7 years; half of the cases progress to end- 
stage renal disease within 10 years after transplant.” De novo mem- 
branous nephropathy occurs in approximately 2% of recipients after 
renal transplantation and should prompt investigation for hepatitis B 
and C infection. Membranous nephropathy has also been associated 
with transplant glomerulopathy, suggesting a link to chronic antibody- 
mediated rejection. Recurrent membranous nephropathy can be 
diagnosed on protocol allograft biopsies in the absence of or with 
minimal proteinuria.” 

Morphologically biopsies from patients with recurrent or de 
novo membranous nephropathy are identical to native disease with 
subepithelial deposits noted by immunofluorescence and electron 
microscopy. 


Membranoproliferative Glomerulonephritis 


MPGN type 1 reportedly recurs in 20% to 30% of renal allografts.*° 
Morphologically the glomeruli show variable mesangial and segmental 
proliferation with subendothelial and mesangial immune deposits. 
Care must be taken to differentiate recurrent MPGN from transplant 
glomerulopathy. 

MPGN type 2 (dense deposit disease) has a 90% incidence of recur- 
rence. Ultrastructurally, electron-dense deposits within the GBM 
lamina densa, particularly over mesangial regions, may be apparent 
within 6 to 9 months of transplantation. Approximately 30% to 40% of 
patients remain clinically asymptomatic, and the remainder show graft 
loss within 2 years.*”** 


199 


Practical Renal Pathology 


200 


the renal allograft is characterized by diffuse interstitial fibrosis and inflammation with 
numerous calcium oxalate crystals (H&E stain). 


Recurrent Renal Disease in Systemic Diseases 
Primary Hyperoxaluria Type | 


Primary hyperoxaluria type I is an autosomal recessive inborn error 
of metabolism resulting from a deficiency of hepatic peroxisomal 
alanine: glyoxylate aminotransferase. Patients with primary hyperox- 
aluria type I most often present clinically with urolithiasis; however, 
some patients first come to medical attention with end-stage renal 
failure with no prior history of urolithiasis. Once the glomerular filtra- 
tion rate has decreased to less than 25 mL/min, the combination of 
oxalate overproduction and reduced urinary excretion leads to sys- 
temic oxalosis with oxalate deposition in many tissues. The diagnosis 
of primary hyperoxaluria type I is most often made during the first or 
second decade of life, although the disease may go unrecognized in 
some patients until the third or fourth decade.” 

Biopsy of patients with hyperoxaluria will demonstrate oxalate 
deposits in the tubules and interstitium with associated interstitial 
fibrosis and variable chronic inflammation (Fig. 9-30). 

Combined kidney and liver transplantation, which replaces renal 
function and corrects the underlying metabolic defect, has resulted in 
improved graft and patient survival better than renal transplantation 
alone.” 


Diabetic Glomerulosclerosis 


End-stage renal disease secondary to diabetic glomerulosclerosis is a 
common indication for renal transplantation. Diabetic glomeruloscle- 
rosis frequently recurs after renal transplantation alone and is a 
common cause of graft failure in this population.” 

New-onset diabetes mellitus post-transplantation is increasingly 
common and may adversely affect patient and graft survival. The 
overall incidence of post-transplant diabetes mellitus is 9.1% at 3 
months, 16% at 12 months, and 24% at 36 months post-transplantation. 
Risk factors for the development of post-transplant diabetes mellitus 
include obesity, hepatitis C antibody positivity, treatment with tacroli- 
mus, initial treatment with MME, and initial treatment with azathio- 
prine. Other risk factors include more advanced age as well as black 
and Hispanic ethnicity. Post-transplant diabetes mellitus is associated 
with higher rates of graft failure, death-censored graft failure, and 
mortality.” 


The biopsy diagnosis of recurrent or de novo diabetic glomerulo- 
sclerosis may be difficult, particularly early post-transplant. Mesangial 
sclerosis, present in early diabetes-related disease, is not uncommon 
post-transplantation, and other causes such as chronic rejection and 
hypertension should be excluded. Hyaline arteriolosclerosis, which is 
commonly seen in native diabetic glomerulosclerosis, may also be 
secondary to calcineurin inhibitor use in the allograft recipient. The 
finding of nodular mesangial sclerosis, thickened GBMs, and arteriolar 
hyaline is most suggestive of diabetic glomerulosclerosis, recurrent or 
de novo. 


Lupus Nephritis 
Recurrence of lupus nephritis in the renal allograft is rare, generally 
reported to occur in 1% to 4% of patients. More recently, however, a 
slightly higher incidence has been reported; when protocol biopsies are 
examined by immunofluorescence and electron microscopy, the inci- 
dence of recurrent disease is 30% to 40%. The lesions of recurrent lupus 
nephritis are generally not severe and only rarely lead to allograft 
loss.>*° 

Making a diagnosis of recurrent lupus nephritis in an allograft 
requires examination of the biopsy using immunofluorescence and 
electron microscopy to document the presence of immune deposits. 


Systemic Vasculitis 


The overall prognosis in ANCA-associated vasculitis is dependent on 
early diagnosis and institution of therapy with corticosteroids and 
cyclophosphamide. More than 20% of patients with ANCA-associated 
vasculitis will progress to end-stage renal failure. Renal transplantation 
has been successfully performed in these patients and is the renal 
replacement modality of choice. Relapses have been reported; however, 
they vary in frequency and may involve the graft or be extrarenal alone. 
Positive ANCA studies have been reported post-transplantation; the 
presence of a positive ANCA before transplantation is not associated 
with an increased risk of relapse and is not a contraindication to 
transplantation.” 

A diagnosis of recurrent or de novo vasculitis in a renal allograft 
requires the finding of a necrotizing and crescentic glomerular lesion 
and the absence of immune deposits. Inactive lesions may resemble 
those of FSGS, and knowledge of the clinical and laboratory setting is 
essential in making the correct interpretation of a healed prior necro- 
tizing lesion. The lack of significant podocyte foot process effacement 
ultrastructurally will also be helpful in that differential. 


Anti-GBM Disease 


Anti-GBM antibody-mediated renal disease is characterized by for- 
mation of autoantibodies to the noncollagenous domain of the 03 
chain of type 4 collagen. These antibodies lead to a necrotizing and 
crescentic glomerulonephritis and rapidly progressive renal failure. 
Most patients with anti-GBM nephritis progress to end-stage renal 
failure. Renal transplantation is usually delayed until the anti-GBM 
antibody is undetectable for at least 12 months. Recurrent anti-GBM 
nephritis is reportedly rare (<5%); however, it can occur years after 
transplantation." 

Anti-GBM nephritis can occur in patients with Alport syndrome 
who undergo renal transplantation. The anti-GBM nephritis is medi- 
ated by alloantibodies to the NC1 domain of the type 4 collagen 05 
chain in X-linked disease and to the NC1 domains of the «3 and 04 
chains in autosomal recessive disease.*”° 

Overt anti-GBM nephritis occurs in 3% to 5% of male patients 
with Alport syndrome undergoing renal transplantation and usually 
presents within the first year after transplantation. The risk of irrevers- 
ible graft loss is greater than 90%, usually within a few weeks to months 
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of diagnosis. The risk of recurrence in subsequent allografts is 
very high.” 


Amyloidosis 


Immunoglobulin light chain amyloidosis (AL) commonly deposits in 
the kidney; proteinuria with nephrotic syndrome is common. Almost 
half of patients with renal involvement by AL amyloidosis have renal 
insufficiency, and nearly half will require renal replacement therapy.” 
The introduction of high-dose chemotherapy followed by autologous 
stem cell transplantation resulted in improved patient survival. 
Improvements in inducing a long-term complete hematologic response 
have made renal transplantation a viable option to long-term dialysis 
in these patients. In one study only 2 of 19 patients with AL amyloi- 
dosis who received renal allgorafts developed amyloid deposition in 
the allograft.” 


Secondary amyloidosis (AA) can involve the kidneys and is the 


result of various inflammatory diseases such as familial Mediterranean 
fever, rheumatoid arthritis, tuberculosis, and inflammatory bowel dis- 
eases. In familial Mediterranean fever the recurrence rate is reportedly 
10% to 40%; however, long-term graft survival is good.” 


Amyloidosis involving the renal allograft is similar to native disease, 


and the type of amyloid (AA versus AL) can be determined using 
immunohistochemical techniques or mass spectrometry. 
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This chapter outlines strategies that will offer the greatest opportunity 
for arriving at the most specific diagnosis when faced with the gamut 
of neoplastic renal specimens. Rather than provide a catalogue descrip- 
tion of every renal neoplasm, key points to consider in obtaining and 
submitting neoplastic tissue, the use of helpful immunohistochemical 
panels, and pertinent molecular studies are reviewed. 


Renal Mass Sampling 


Over the past decade a surge in the type of renal masses sampled and 
in the frequency of renal mass sampling has occurred. Traditionally, 
all solitary renal masses were considered potentially malignant, and 
therefore radical nephrectomy was the most common treatment for 
them. We are now learning that these lesions exist in a true spectrum, 
including those that are entirely benign, others that show features of 
low-grade malignancy with little risk of spread or recurrence, and 
those that are full-fledged malignancies. Furthermore, only a minority 
of renal tumors, approximately 20% of clinically T1 solid, enhancing 
renal masses, demonstrate high nuclear grade and local invasion." 
This realization is prompting a push toward more conservative, 
nephron-sparing therapy. Conservative renal mass sampling is particu- 
larly suited to “rule out” conditions in which nephrectomy may not be 
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indicated or may not offer significant benefit. These include metastasis 
to the kidney in a patient with a known history ofan extrarenal primary 
tumor, lymphoma, or abscess (in which case aspiration may prove 
therapeutic) and in patients who present with widely metastatic renal 
cell carcinoma (RCC), in whom a tissue diagnosis for classification to 
guide therapy is needed. 


Types of Specimens 


The main specimen types encountered in the evaluation of renal neo- 
plasia include fine-needle aspiration biopsies (FNAB); core biopsies; 
partial nephrectomies, which are evolving into the preferred method 
of treatment for many renal tumors; morcellated nephrectomies; and 
radical nephrectomies. Box 10-1 outlines key issues to consider when 
dealing with each of these specimen types. 


Fine-Needle Aspiration Biopsy 

Fine-needle aspiration biopsy (also known as “skinny needle” biopsy) 
involves the aspiration of lesional cells or tissue fragments, generally 
through a 25G or smaller needle. The main advantage in employing 
FNAB is that this method is considered safer in cases in which the 
biopsy tract may transverse the bowel or vascular organs. Unfortu- 
nately, the results are only as good as the skill of the biopsy operator, 
pathologist, and/or cytotechnologist involved in the case. Although 
FNAB can often yield nondiagnostic results, in the hands of experi- 
enced pathologists and cytotechnologists and with careful triage of the 
specimen, accuracy can approach 100% in determining malignant 
versus benign, and has been reported to be as high as 92% for subtype 
classification.’ At least one of these studies also used cell blocks in 
addition to standard smear morphology. Indeed, if there is any “magic 
key” to unlocking the full diagnostic power of FNAB, it lies in the cell 
block, and to forgo obtaining an adequate cell block makes accurate 
diagnosis more difficult. 


The Importance of a Cell Block 

Although smears, especially Diff-Quick-stained smears, are of great 
utility in assessing the specimen adequacy of a sample and can aid in 
the examination of key background substances, they may be of little 
diagnostic use beyond these purposes, and preparation of more than 
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Box 10-1. Key Issues to Consider in Various Types of Renal Tumor Specimens 


Fine-Needle Aspiration Biopsy (FNAB) 

Use nonadhesive slides for smears, which allows for tissue transfer 
immunohistochemistry if necessary 

Obtain a decent cell block to allow for both immunohistochemistry and 
fluorescence in situ hybridization (FISH) studies if necessary 


Core Biopsy 

Review and ensure that the core is adequate, because this may be the only tissue 
available for a diagnosis 

With small or fragmented cores, additional passes may be warranted 


Partial Nephrectomy 

If not submitted separately as a frozen section, carefully ink the parenchymal 
margin and obtain sections demonstrating the relationship of the tumor to the 
margin(s) 

If prompted to perform a frozen section, do not freeze the entire tumor, which may 
negatively impact immunohistochemistry studies 

Sample the background non-neoplastic renal tissue 


Morcellated Nephrectomy 

Weigh the submitted fragments and separate them into suspicious fragments, 
vascular/ureteral fragments, and normal fragments 

Sequentially submit 10 sections at a time until the lesion has been adequately 
identified 


Table 10-1. Immunohistochemistry in Selected Adult Renal Tumors 


Conventional RCC Papillary RCC 
CK-LMW + Diffuse + Diffuse 
CK-HMW. — / Focal + Often + (patchy) 
Pax8 + Nuclear + Nuclear 
Pax2 + Nuclear + Nuclear 
Vimentin at aF 
RCC + A 
pVHL a A 
Cytokeratin 7 Generally — a 
CD117 Generally — - 
P5048 a + Cytoplasmic 
Napsin A + (Focal if +) + Focal 
CA IX + Diffuse + Very focal 


Staging will be problematic; attempt to assign a tumor type and grade 
Sample the background non-neoplastic renal tissue 


Radical Nephrectomy (Adult) 

nk the surface of Gerota’s fascia overlying the tumor and assess its relationship to 
the tumor 

Carefully assess the tumor’s relationship to the renal capsule, renal vein, adrenal 
gland (if involved determine contiguous or separate focus), and renal sinus 

Lymph nodes, if at all present, will generally be in the sinus and hilar region 

Sample the background non-neoplastic renal tissue 


Radical Nephrectomy (Pediatric) 

Discourage frozen section and try to ensure that the specimen is received intact 

Consider photographing the nephrectomy before bivalving, and carefully ink the 
surface 

Bivalve the specimen with a clean section through the vertical midplane 

Photograph the cut surface of the tumor 

Obtain fresh tumor and normal tissue for COG (Children’s Oncology Group) 
protocols, either snap-freezing them or placing them in Roswell Park Memorial 
Institute medium (RPMI) 

Submit all margins and multiple tumor-kidney sections; evaluate the renal sinus 

Use photographs to map the tumor areas and the background non-neoplastic renal 

tissue sampled 


Chromophobe RCC Oncocytoma 

+ Diffuse + With perinuclear “globs” 
+ Nuclear + Nuclear 

- + Nuclear 

+ Generally — 

Generally — Unknown 

Generally — - 


CA IX, carbonic anhydrase 9; CK-HMW, high molecular weight cytokeratin; CK-LMW, low molecular weight cytokeratin; pVHL, von Hippel-Lindau tumor suppressor; RCC, renal cell carcinoma. 


one or two good Diff-Quick-stained smears may be a waste of mate- 
rial. Cell blocks have clearly been shown to enhance the diagnostic 
accuracy of renal FNABs.° Finally, and perhaps most importantly, a 
good cell block is a formalin-fixed, paraffin-embedded tissue bank of 
the patient’s tumor that can be used for years to come for a whole host 
of ancillary studies, including immunohistochemistry (Table 10-1) 
and molecular techniques such as fluorescent in situ hybridization 
(FISH), which can provide invaluable diagnostic as well as prognostic 
information. 

A good cell block can be utilized for numerous ancillary studies 
that may be required to further define the lesion or assess prognostic 
markers. Specifically, FISH can be diagnostic in such lesions as papil- 
lary RCC, translocation-associated RCCs, and renal synovial sarcoma. 


Many techniques can be employed in making a good cell block. One 
method that has been successfully utilized involves mixing the patient 
material on the cytologic slide with thrombin and plasma to create a 
pellet, or gel-clot, which can then be scraped off the slide with a single- 
edged razor blade into a container of formalin, and then processed 
routinely like any small biopsy (from the author's personal experience). 
If using a cytology fixative solution such as CytoLyt or CytoRich Red, 
it is recommended to submit an entire pass or two in the solution for 
cell block processing rather than just rinsing the needle in between 
passes. Finally, when preparing smears or working with a clinician who 
uses them exclusively, use only nonadhesive slides to prepare the 
smears; this optimizes the chances of success if cell/tissue transfer 
immunohistochemistry becomes necessary for workup of the case.’ 


Optimal Specimen Handling and Ancillary Studies 


Needle Core Biopsy 

Needle core biopsy differs from FNAB in that a much larger bore 
needle (typically 18G) is used to sample the mass, allowing for a core 
of lesional tissue. Core biopsies may well provide more robust informa- 
tion and be more reliable than FNAB.’ Additionally, the architecture 
afforded by a tissue core makes evaluation by an experienced cytopa- 
thologist and/or cytotechnologist much less of a necessity. The greater 
tissue yield inherent in core biopsy allows for the use of a host of ancil- 
lary studies if necessary such as immunohistochemistry and FISH. 
Finally, in some cases multiple core biopsies may represent the only 
“look” one gets at the tumor, because some tumors are subsequently 
treated with cryotherapy or radioablation. In these cases it is important 
to ensure that the submitted specimen is adequate. Review of Diff- 
Quick-stained touch preparations of the core biopsy, made by rolling 
or rubbing the core on a slide, may aid in ensuring that adequate 
specimens are obtained. However, in the author’s own experience these 
smears may be of varying practical utility depending on the friability 
of the lesion. 


Complications of Renal Mass Sampling 


The complications of renal mass sampling are quite similar regardless 
of the technique used (FNAB versus core biopsy). Overall renal mass 
sampling is extremely safe, with a low complication rate. Of 1083 renal 
masses sampled in one review, only 15 minor (1.4%) and 5 major 
(0.46%) complications were noted. Major complications of renal mass 
sampling include tumor seeding along the biopsy tract, hemorrhage 
requiring transfusion, pseudoaneurysm requiring embolization, and 
intrarenal hematoma. 

Seeding of the biopsy tract is an extremely rare complication; the 
last reported cases were published in 1992.''*’ Urothelial carcinomas 
are at particularly high risk for tract seeding; for this reason it may be 
wise not to sample infiltrative, centrally located lesions percutaneously. 
These risks are small when compared to the downside of overaggres- 
sive treatment of renal mass lesions, which would undoubtedly occur 
without renal mass sampling. 

One strategy advocated by some involves the use of FNAB in the 
evaluation of possible renal metastases in patients with a known extra- 
renal malignancy and core biopsy to evaluate suspected primary renal 
lesions; the use of FNAB results in lower patient discomfort and 
decreased morbidity. 


Nephrectomy Specimens 
Partial Nephrectomy Specimen 


In the past partial nephrectomy was utilized mainly as a treatment 
modality for those patients with tumor in a solitary kidney, bilateral 
renal tumors, and medical renal disease and/or renal insufficiency. 
However, over the past 15 years, the role of partial nephrectomy has 
changed, evolving from being a more acceptable treatment option in 
patients with “normal” contralateral kidneys to being considered the 
treatment of choice for tumors larger than 4 cm and even in some 
tumors up to 7 cm. Why this shift in practice? Renal cortical tumors 
are a diverse group of lesions, including both indolent or low-grade 
lesions and malignant tumors. Studies have shown similar results (local 
control) whether radical or partial nephrectomy is used to treat tumors 
up to 7 cm.'*! Finally, new concerns over the deleterious effects of 
radical nephrectomy on the long-term renal function of patients have 
emerged." 

A significant proportion of renal tumors are small incidental lesions 
measuring smaller than 4 cm (pT 1a lesions), which will likely behave 
in a benign fashion. Furthermore, a number of these lesions (up to 
23%) represent completely benign entities such as angiomyolipoma, 


Box 10-2. Indications for Partial Nephrectomy 


Traditional Indications for Partial Nephrectomy 
Tumors in solitary kidneys 

Bilateral renal tumors 

Patients with known renal function impairment 


Current Trend 
Standard surgical treatment of renal tumors < 4 cm (pT1a lesions) 
May also be used to effectively treat many renal tumors 4—7 cm (pT 1b lesions) 


Possible Expanded Roles for Partial Nephrectomy 
Some tumors with adrenal gland involvement 

Multiple tumors in the same kidney 

Hilar/central tumors 

Incidental pT2 tumors 


metanephric adenoma, and oncocytoma.” Finally, regardless of the 
treatment modality (radical versus partial nephrectomy), a survival 
rate of greater than 90% is typical of these lesions. Partial nephrectomy 
has even been used with success to treat tumors up to 7 cm (pT 1b).'**° 
Although disease-free survival in patients with tumors 4 to 7 cm who 
underwent both radical nephrectomy (RN) and partial nephrectomy 
(PN) did not differ significantly, patients treated by PN demonstrated 
better renal function, as evidenced by lower serum creatinine measure- 
ments at 3, 6, and 12 months postoperatively.’° With increasing 
experience, surgeons are expanding the role of partial nephrectomy 
to include cases once thought to be contraindications to such an 
approach—specifically, adrenal involvement by tumor, the presence of 
renal artery disease, multiple tumors within the same kidney, hilar/ 
central tumors, and incidental pT2 or greater tumors.'”"* The indica- 
tions for partial nephrectomy are outlined in Box 10-2. 

There does appear to be a real advantage in regard to long-term 
renal function in patients undergoing partial versus radical nephrec- 
tomy. In the past it was believed that patients could do well with one 
kidney after resection, but this impression was based on data taken 
from the renal transplant literature. Renal donors tend to constitute a 
young, relatively healthy, and carefully screened (for medical renal 
disease) population, whereas renal tumor patients are older and have 
a number of comorbidities. In a review of the non-neoplastic kidney 
in tumor specimens Bonsib and Pei examined the non-neoplastic com- 
ponent of 110 tumor nephrectomies. Only 10% of these demonstrated 
normal renal tissue, with 28% showing vascular sclerotic changes and 
62% showing significant abnormalities, including diabetic nephropa- 
thy, glomerular hypertrophy, mesangial expansion, and diffuse glo- 
merulosclerosis.’° In these patients, radical nephrectomy may upset 
the rather tenuous balance of renal function, pushing patients over the 
edge into renal failure and putting them at higher risk of morbidity 
and mortality from chronic kidney disease than from the renal neo- 
plasm itself. 


Practical Considerations 

Generally a partial nephrectomy will consist of tumor with only a small 
portion of surrounding renal parenchyma. The basic approach to gross 
examination of these specimens is similar to that for any neoplastic 
condition: careful documentation of the tumor size, appearance, and 
so on. Margins are typically assessed intraoperatively in two different 
fashions. Surgeons may submit a separate biopsy of the residual kidney 
as a deep tissue margin, with the idea that tumor present in this section 
represents a positive margin. However, the adequacy of margin assess- 
ment by this technique varies based on the size of the biopsy, with a 
reported overall sensitivity of only 25%.'°”° Alternatively, the margin 
may be submitted with the specimen, in which case it should be 
inked and sections taken perpendicularly to demonstrate the tumor’s 
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relationship (closest approach) to the parenchymal margins. If the 
tumor appears well clear of the margin, a gross assessment would be 
adequate, although a frozen section will be required if prompted by the 
surgeon or if the tumor approaches to within millimeters of the margin. 
This technique alone or in combination with the frozen section of the 
deep tissue margin yields a much higher overall sensitivity (75% and 
close to 100%, respectively).'” In any case it is important to remember 
to freeze only a portion of the tumor and not the entire lesion, because 
freezing can have a deleterious effect on morphology as well as immu- 
nohistochemistry, which may be necessary in further classifying the 
tumor. 


Morcellated Nephrectomy Specimen 


Minimally invasive laparoscopic surgery has become more popular due 
to improved patient recovery, shorter hospital stays, and decreased cost 
as compared to open techniques. Just as minimally invasive surgery 
has become typical for both splenectomy and adrenalectomy, the lapa- 
roscopic era has come to radical nephrectomy. Unfortunately for the 
“lucky” pathologist who has to deal with these specimens, specimens 
from laparoscopic nephrectomies arrive in the pathology dissection 
suite morcellated into multiple nonoriented fragments. Morcellation is 
necessary because the abdominal wall incision is only 10 to 12 mm 
wide, precluding an intact resection. This creates significant challenges 
in tumor staging and tumor sampling. 

To remove a kidney laparoscopically, first the ureteral and vascular 
tissues are identified and ligated. The mobilized kidney is then placed 
in a nylon catchment sac while care is taken not to disrupt the tumor 
in the process. Once in the bag, the entire kidney is morcellated into 
small fragments using blunt forceps. The fragments must be small 
enough to fit through the incisions in at least one dimension. The bag 
with the morcellated specimen is then withdrawn through the incision. 
The resulting specimen consists of fragments of renal, vascular, ure- 
teral, and tumor tissue. 


Pathologic Evaluation of a Morcellated Nephrectomy Specimen 
The first step in evaluating such a specimen is to obtain an accurate 
weight. Next try to separate the fragments based on their gross appear- 
ance. In one study, grossly suspicious features were present in all cases 
that demonstrated RCC.” Typically, one can separate the gross frag- 
ments into those having an appearance of normal kidney, those that 
have a gross appearance suggestive of hilar structures (vascular or 
ureteral structures), and those that are suspicious for tumor or cyst wall 
(essentially those that look grossly distinct). There are no clear guide- 
lines regarding sampling of these specimens, but some authors advo- 
cate the use of rather complex formulas to guide adequate sampling. 
Here are some examples of such formulas: 


P=1-(k/N)(n) 


where k/N = the fraction of total specimen with tumor, n = the amount 
of specimen that must be sampled to yield a diagnosis, P = the prob- 
ability of encountering the tumor in the sampled tissue, or 


P=1-[(1-TKR)©°P®®] 


where TKR = ratio of tumor volume to kidney volume, tumor volume 
= %(m)(tumor radius from imaging)’, FRX = fraction of total specimen 
submitted by weight. 

Although promoted in the literature,” use of these equations to 
guide specimen sampling can be complex, impractical, and time- 
consuming. A simplified method for sampling morcellated nephrec- 
tomy specimens is as follows: 


21,22 


1. Separate fragments as previously described. 

2. Put through 10 blocks (including a liberal sampling of grossly 
abnormal tissue) or 1 block of grossly abnormal tissue per centime- 
ter of greatest dimension of the kidney according to radiologic 
imaging (if this data is available). 

3. If adequate lesional tissue is not identified in the first round of sec- 
tions, submit 10 more tissue sections in a similar fashion until the 
lesion has been adequately visualized. 


Unfortunately a number of limitations are inherent to the evalua- 
tion of morcellated nephrectomy specimens, which include the 
following: 


. The lack of an accurate pathologic tumor size measurement 
. The inability to accurately determine margin status 

. The inability to accurately assess for renal vein involvement 
. The inability to identify the renal capsule 
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Much like a biopsy, often the pathologic information that can be 
rendered in such a case is limited to the tumor type and grade. Because 
pathologic staging is not possible with morcellated specimens, much 
of the staging in such cases relies on radiologic features; and although 
this may be adequate, overstaging or understaging can occur in 5% to 
35% of cases.”!”? 


Radical Nephrectomy Specimen 


As most pathologists have learned the process of gross evaluation of a 
radical nephrectomy specimen in residency training, this section will 
focus on the clarification of confusing issues that frequently arise with 
regard to the gross evaluation of radical nephrectomy specimens. 
One topic that seems to generate a fair amount of confusion among 
pathologists and pathologists’ assistants is that of Gerota’s “fascia.” This 
so-called fascia is named for Dimitrie Gerota, a Romanian anatomist, 
radiologist, and urologist (1867-1939) who studied the anatomy and 
physiology of the urinary tract.” Gerota’s fascia is not a typical fascia, 
but simply represents the outer surface of perinephric fat (Fig. 10-1). 
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Figure 10-1. Gerota’s fascia represents the outer surface of the perinephric adipose 
tissue (arrows). (Photo provided by Dr. Pheroze Tamboli, M.D. Anderson Medical Center, 
Houston, TX.) 


Optimal Specimen Handling and Ancillary Stud 


This surface should be inked (where it overlies the tumor) and perpen- 
dicular sections should then be taken showing the relationship of the 
tumor to it. The importance of Gerota’s fascia lies in the fact that a 
tumor extending through this fascia constitutes a T4 tumor for staging 
purposes. 

Other key relationships to carefully note on gross evaluation include 
the following: 


The tumor’ relationship to the renal capsule. It is important to note 
whether the tumor penetrates the renal capsule. Grossly, tumors 
tend to “bulge” the capsule in areas of penetration; these areas 
should be carefully sampled. Capsular penetration into perinephric 
tissue constitutes at least a T3a tumor. 

The tumor’s relationship to the renal vein. Involvement of the renal vein 
also constitutes at least a T3a tumor. 

The tumor’ relationship to the adrenal gland. Does the tumor directly 
invade the adrenal gland (T4 lesion), or is it present within the 
gland as a discontinuous nodule (M1 lesion)? 

The tumor’ relationship to the renal sinus fat. Renal sinus involvement 
may portend a more aggressive course than even perinephric fat 
involvement. 

Tumor heterogeneity and color. The color and consistency (soft or firm) 
of various areas of the tumor should be noted; these areas should 
be thoroughly sampled. For instance, areas of sarcomatoid differen- 
tiation are often firmer and tan to white. 


Finally, because regional lymphadenectomy is generally not per- 
formed with a radical nephrectomy, if lymph nodes are present with 
the specimen, they will be in the renal hilus adjacent to blood vessels, 
another reason to pay close attention to the hilar structures on gross 
examination of these specimens. A recommended list of sections that 
should be submitted is presented in Box 10-3. 


Tumor Grading 

Although the Fuhrman grading system,” which assigns a grade from 
1 to 4 based on nuclear size and nucleolar prominence, can be used for 
most RCC subtypes, Fuhrman grading is not applicable to chromo- 
phobe carcinoma. It is also important to remember that sarcomatoid 
RCC is not a subtype of RCC, but instead is a pattern of dedifferentia- 
tion associated with adverse outcome that can be seen in any RCC 
subtype.” 


Tumor Banking 

Renal tumors occasionally can be harvested for autologous RCC 
vaccine preparation as well as for tissue banking on research protocols. 
In these instances the nephrectomy specimen is submitted fresh to 
the dissection suite for immediate tissue harvesting. The specimen is 


Box 10-3. Key Sections to Submit in the Gross Evaluation of Radical Nephrectomy 
Specimens 


Shave margins of the ureter, renal vein, and renal artery 

Sections of renal vein and/or artery demonstrating tumor involvement (if 
applicable) 

Section of renal hilum/sinus* 

Section of adrenal gland (if present)* 

Section of tumor, renal capsule, and kidney 

Section of tumor and perinephric adipose tissue 

Section of Gerota’s fascia* 

Several sections of tumor (especially from grossly distinct-appearing areas) 

Lymph nodes (will be in the hilum if at all present) 

Grossly normal renal cortex 


* Always attempt to demonstrate the relationship of these structures to tumor. 


usually bisected from the external (nonhilar) surface and the tumor 
exposed. Tumor adjacent to the renal parenchyma that is devoid of 
fibrosis, necrosis, hemorrhage, or calcification should be selected. At 
least a 1-cm square of tissue, or approximately 400 mg, is preferable. 
In cases in which the tumor measures less than 2 cm in greatest dimen- 
sion the tissue is not harvested. The preferred medium for vaccine 
therapy is usually Hanks buffered salt solution, or the institution pre- 
paring the vaccine may provide a reagent. For tissue banking, part of 
the sample is flash-frozen, part is saved in RNA later, and part is saved 
in Roswell Park Memorial Institute medium (RPMI). For vaccine 
therapy it may be necessary to note the ischemic time from resection 
to sampling.” 


Examination of Non-neoplastic Kidney 
As discussed earlier, the state of the non-neoplastic kidney may often 
be more important to the patients long-term prognosis than the tumor 
for which it was resected. It is therefore important that at least one 
section of grossly unremarkable renal tissue (away from the tumor) is 
sampled. 

When examining this section, one should comment on the pres- 
ence of glomerular, tubulointerstitial, and/or vascular disease.’° 


Pediatric Radical Nephrectomy Specimen 


Although a detailed review of the various pediatric renal tumors is 
beyond the scope of this chapter, a number of issues should be consid- 
ered when confronted with the gross evaluation of pediatric renal 
neoplasms. If at all possible, frozen sections should be discouraged and 
the specimen should be received intact. Photographs of the specimen 
at various stages of gross resection can be extremely valuable (espe- 
cially if mapping the tumor to determine possible response to chemo- 
therapy). Blades and instruments should be thoroughly cleaned 
between cuts because these tumors tend to be friable, creating the 
potential for tissue “pickups” and displacement, which can frustrate 
even the most careful histologic examination. Finally, it is important 
to make sure to bank both neoplastic and normal kidney for possible 
Children’s Oncology Group protocols as well as ancillary studies such 
as cytogenetics.” Therefore, portions of fresh tissue should be snap- 
frozen or placed in RPMI. 


Ancillary Studies in the Evaluation of 
Renal Neoplasms 


Immunohistochemistry 


Although H&E morphology is currently the gold standard for the clas- 
sification of adult renal tumors, diagnoses are increasingly being ren- 
dered on limited fine-needle or core biopsy samples, and many renal 
tumors show overlapping histologic features. For example, both clear 
cell features and eosinophilic cytoplasm can be seen in conventional 
RCC, chromophobe carcinoma, oncocytoma, papillary carcinoma, and 
even angiomyolipoma. Papillary architectural patterns can be seen in 
conventional (clear cell) RCC, urothelial carcinoma, and translocation- 
associated carcinomas in addition to papillary urothelial carcinoma. 
As a result of these sometimes shared morphologies, there will be cases 
in which immunohistochemistry can be of great benefit in accurately 
classifying renal tumors.’ With any discussion of immunohisto- 
chemistry, it must be noted that this is a rapidly evolving field with 
new markers being added constantly. 

Antibodies that are especially useful in the evaluation of adult 
renal neoplasms (though the panel is often tailored to the histologic 
differential considered) include the following immunostains: Pax8, 
low-molecular weight cytokeratin (CK-LMW), high-molecular weight 
cytokeratin (CK-HMW), vimentin, cytokeratin 7, RCC (clone PN15), 
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Figure 10-2. Translocation-associated renal cell carcinoma. A, H&E stain. B, TFE-3. Note the strong, diffuse nuclear staining. 


von Hippel-Lindau tumor suppressor (pVHL), Ber-EP4, CD117, Pax2, 
P5045, and carbonic anhydrase 9 (CA IX). Other potential immunos- 
tains that can be helpful when evaluating renal neoplasms include p63, 
to exclude urothelial carcinoma; SM-myosin, melanoma antigen rec- 
ognized by T cells (MART-1), and human leukocyte antigen melanoma 
black (HMB-45) if angiomyolipoma is being considered; and TFE3 and 
cathepsin K if translocation-associated RCC is being considered™ (Fig. 
10-2). Finally it is important to remember that context is important 
when evaluating immunohistochemical stains, because many of these 
markers are relevant only in the context of a known primary renal 
tumor. 


Pax8 

Pax8 is a nuclear marker that is reactive in carcinomas of renal, thyroid, 
and gynecologic origin and also stains some B lymphocytes. It can be 
helpful in providing evidence to support the renal origin of a neoplasm 
if thyroid and gynecologic primaries have been ruled out. In the setting 
of a poorly differentiated metastatic lesion, positive staining for 
Pax8 is strongly supportive of a neoplasm of renal origin and may 
be the best marker to use in evaluating metastatic sarcomatoid 


RCCs. By contrast however, Pax8 is relatively nonspecific in the dif- 
ferentiation of the subtype of renal tumors demonstrating reactivity in 
conventional, papillary, and chromophobe RCC and oncocytomas. It 
is also important to remember that upper tract urothelial carcinomas, 
neuroendocrine neoplasms, and even adrenal tissue (personal observa- 
tion) can react with this antibody.” 


Low-Molecular Weight Cytokeratin 

Though certainly not specific, CK-LMW will stain virtually all types 
of RCC, although it can be focal and weak in some cases. Specific 
examples include clone CAM 5.2 and cytokeratin 8/18 (we typically 
utilize clone 5D3). Rare cases of RCC, especially translocation- 
associated RCCs, can be negative. In fact if a RCC shows negative 
staining for CK-LMW, it is important to work up the case further with 
either FISH or additional immunohistochemical stains to assess for the 
possibility of a translocation-associated RCC. CK-LMW can also be 
quite helpful in the differential diagnosis of chromophobe RCC and 
oncocytoma because many oncocytomas demonstrate a characteristic 
perinuclear “glob-like” staining, which is not generally seen in other 
renal cortical neoplasms such as chromophobe carcinoma” (Fig. 10-3). 


Optimal Specimen Handling and Ancillary Studies 


High-Molecular Weight Cytokeratin 

It is unusual to find expression of CK-HMW (we typically utilize clone 
34BE12) in conventional RCC, although it may be positive in both 
papillary and collecting duct carcinomas. If papillary RCC has been 
excluded, strong staining may suggest the diagnosis of urothelial car- 
cinoma or even a metastasis.” 


Vimentin 

Although vimentin is useful in determining if the tissue being tested 
is immunoreactive, in the appropriate context, such as in the evaluation 
of a clear cell tumor or in the differential diagnosis of renal tumors, it 
can be an extremely useful marker. For example, vimentin is positive 
in conventional RCC and often shows reactivity in papillary RCC, 
whereas chromophobe carcinomas and oncocytomas are typically 
negative. Collecting duct carcinomas can also be positive. Strong stain- 
ing for vimentin would also argue against the diagnosis of metastatic 
hepatoma (which can demonstrate clear/eosinophilic cytoplasmic fea- 
tures). Vimentin can also stain adrenal tumors such as adrenocortical 
carcinoma and pheochromocytoma.” 


Cytokeratin 7 

Cytokeratin 7 stains both papillary and chromophobe RCCs in a mem- 
branous, diffuse pattern, whereas conventional (clear cell) carcinomas 
and oncocytomas demonstrate only focal cytoplasmic staining in a 
minority of cases.” Collecting duct carcinomas can also demonstrate 
cytokeratin 7 staining. Adrenocortical carcinomas and pheochromo- 
cytomas are negative, so positive staining would also argue against 
these neoplasms. 


RCC Antibody 

Along with Pax8 and Pax2, RCC is a relatively specific renal marker 
for renal cell carcinoma. Although in the past, we often employed RCC 
in the workup of metastatic carcinomas, because of the superior per- 
formance of Pax8 in staining renal cell carcinoma, we use the antibody 
to RCC primarily in the setting of classification of various primary 
renal cortical tumors. RCC stains most conventional and papillary 
renal carcinomas, but it is not expressed in chromophobe carcinoma, 
oncocytoma, or collecting duct carcinoma.“ Unfortunately RCC is not 
entirely specific to renal cortical tumors; it has been reported to occa- 
sionally show some reactivity in carcinomas of breast, thyroid, adre- 
nocortical, colonic, and ovarian origin in addition to normal breast, 
thyroid, parathyroid, prostatic, pulmonary, and epididymal tissue.“ We 
have even observed focal reactivity in a case of mesothelioma (personal 
observation). 


pVHL 

pVHL is the protein product of the Von Hippel-Lindau tumor suppres- 
sor gene.“ The corresponding immunostain reacts with most types of 
renal neoplasms, including clear cell carcinoma, papillary carcinoma, 
chromophobe carcinoma, and oncocytoma, so it is not particularly 
useful in the subtyping of primary renal tumors.*’ However, it is posi- 
tive in virtually all metastases so it can be extremely useful in the 
setting of a carcinoma of unknown origin. A limited number of non- 
renal tumors, such as clear cell carcinoma of the gynecologic tract, 
hepatocellular carcinoma, and cholangio/ampullary carcinomas, react 
with this marker**” rare cases of pulmonary, colonic, and esophageal 
adenocarcinomas can also demonstrate reactivity. Thus, a tumor that 
is Pax8/pVHL positive essentially always represents either an RCC or 
a clear cell carcinoma of the gynecologic tract. We have seen one case 
of a TFE-3 positive translocation-associated RCC, which was pVHL 
negative (personal observation), so this may represent a limitation of 
this marker. 


Ber-EP4 

The main utility of Ber-EP4 is in the differential diagnosis of chromo- 
phobe carcinoma versus oncocytoma. Ber-EP4 stains virtually all 
chromophobe carcinomas, with only approximately 14% of oncyto- 
mas reported to demonstrate significant reactivity.” We have also 
seen Ber-EP4 reactivity in papillary renal carcinomas (personal 
observation). 


CD117 

CD117 (C-kit) is positive in both chromophobe carcinoma and onco- 
cytoma; however, it is negative in most conventional and papillary 
RCCs. CD117 stains chromophobe carcinoma and oncocytoma in a 
diffuse cytoplasmic pattern; clear cell and papillary carcinomas, if at 
all positive, demonstrate only focal cytoplasmic staining.” 


Pax2 

Pax2 is a nuclear stain with a pattern of staining similar to Pax8. Its 
main utility lies in differentiating chromophobe carcinomas, which are 
generally negative,“ from conventional RCCs, oncocytomas, and pap- 
illary carcinomas, which tend to demonstrate diffuse nuclear stain- 
ing.“ Therefore, this marker is very helpful in the differentiation of 
oncocytoma and chromophobe carcinoma. 


P5048 

Also known as racemase or AMACR, P504S stains all papillary RCCs 
in a diffuse, granular, cytoplasmic fashion (Fig. 10-4); however, con- 
ventional (clear cell) renal carcinomas can also demonstrate a similar 
diffuse pattern of staining.“ Both chromophobe carcinoma and onco- 
cytomas tend to be negative; if positive, they demonstrate only focal 
staining. Interestingly the marker napsin-A, a recently described 
marker of pulmonary adenocarcinomas, demonstrates a somewhat 
similar but perhaps less diffuse, granular cytoplasmic staining pattern 
in papillary RCC” (Fig. 10-5). 


CD10 

Although CD10 has been reported to mark RCC and is reported to be 
negative in collecting duct carcinoma, it is very nonspecific and can 
also stain conventional RCC, chromophobe carcinoma, oncocytoma, 
and papillary RCC.” 


Carbonic Anhydrase 9 (CA IX) 

Although CA IX is not a renal-specific marker, it can aid in the 
differential diagnosis of various renal tumors. Conventional RCC 
stains for CA IX in a diffuse membranous pattern (Fig. 10-6); papillary 
RCCs demonstrate a characteristic focal staining pattern in which 
only the tips of the papillae or areas adjacent to necrotic foci stain 
(Fig. 10-7). CA IX is negative in both chromophobe carcinoma and 
oncocytoma.” 

A summary of immunohistochemical staining patterns in selected 
adult renal tumors is outlined in Table 10-1. It is important to remem- 
ber that although immunohistochemistry can assist in the workup of 
renal tumors, especially when dealing with tumors with considerable 
morphologic overlap in small biopsies, ultimately the context and mor- 
phologic features are critical; one should never rely solely on immu- 
nostains to render a diagnosis. Furthermore, it may not always be 
possible to definitively classify every renal tumor on core biopsy or 
FNAB. In such cases it is sufficient to render a diagnosis of renal epi- 
thelial neoplasm, with a comment further explaining the possible dif- 
ferential diagnosis and reasons why a more specific diagnosis cannot 
be rendered. Some tumors may actually demonstrate hybrid features, 
and it is well accepted that there are oncocytic renal neoplasms that 
have features of both oncocytoma and chromophobe carcinoma. 
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. Papillary renal cell carcinoma. A, H&E stain. B, P5045. Note the strong, diffuse, granular cytoplasmic staining pattern. 
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Figure 10-5. Napsin A demonstrates a patchy granular cytoplasmic staining pattern 
in papillary renal cell carcinoma. 
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Flow Cytometri 


The bulk of this section is focused on the use of ancillary techniques 
in the workup of various solid renal neoplasms, but on occasion a 
hematopoietic neoplasm may enter into the differential diagnosis. In 
such cases rapid touch preparations stained with either H&E or Diff- 
Quick can be performed to visualize the lesional cells. The tumor 
should be harvested in the fresh state. Avoid grossly necrotic-appearing 
areas, and submit several small 5- to 7-mm cubes of tumor in RMPI. 
If for some reason RPMI is not available, isotonic saline can also be 
used. The key is to ensure that the cells stay viable until they enter the 
flow cytometer. Therefore, the specimen should be submitted to the 
flow cytometry laboratory as soon as possible after harvesting to ensure 
adequate cellular viability. 


Fluorescence In Situ Hybridization 

Fluorescence in situ hybridization detects and localizes the presence 
or absence of DNA sequences or chromosomes in cells through the use 
of fluorescent dyes attached to segments of DNA or RNA used as 
specific probes that bind to target nucleic acid sequences. Modern day 


multicolor FISH was first developed by Christoph Lengauer at the 
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Figure 10-7. Papillary rial cell carcinoma. Note the focal staining pattern for CA IX, 
which is often accentuated at the ends of papillae or near areas of necrosis. 
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University of Heidelberg in Germany.” It has become especially useful 
in the detection of various tumor-associated or specific diagnostic 
translocations. This technique has incredible diagnostic utility; some 
cases that in the past required a panel of immunostains can now be 
elegantly diagnosed with a single, specific set of FISH probes. One great 
advantage of FISH over conventional cytogenetics, which requires 
fresh tissue, is that FISH can be performed on formalin-fixed paraffin- 
embedded tissue. 

In performing FISH, a probe made from fragments of DNA iso- 
lated, purified, and amplified for use in the Human Genome Project is 
first constructed. The probe must be the right size because it needs to 
hybridize specifically to its target and is tagged with various fluoro- 
phores or other detection systems. The probe is then applied to the 
prepared unstained sections containing the lesion of interest and is 
incubated for 12 hours. The section is then washed in several steps to 
remove partially hybridized and unhybridized probe. Finally results 
are visualized with a fluorescent microscope (Fig. 10-8). 

Three main types of FISH probes are used in diagnostic work; 
these include numeration probes, break-apart probes, and dual fusion 
probes. 


DIG-dUTP (or biotin-dUTP) Fixed cells 
f 4) dCTP+dATP +dGTP aa 
Denaturation Denaturation 
(75°C) (formamide 42°C) 
ANNANANMAANAAANAAMNAAMANAAAN 
aj tees Figure 10-8. Scheme of the principle of the 
Hybridization FISH procedure to localize a gene in the nucleus. 
(on slides) 


To perform FISH, first a single-stranded nucleic 
acid probe must be made that is specific to 
the gene or chromosomal region of interest. The 
probe must be labeled so that it can be detected 
if it hybridizes to its complementary target 
sequence. Commonly, probes are labeled with 


digoxigenin (DIG) or biotin so that the probe 
can be detected with either an anti-digoxigenin 
antibody or avidin that has been fluorescently 
labeled. Labeled FISH probes specific to many 
different genes and chromosomal regions are 
commercially available through several different 
vendors. After the probe has been obtained, the 
basic FISH procedure involves (1) denaturation 
of the DNA (separation of the two strands) in 
the cells of interest, (2) hybridization with FISH 
probe(s), (3) washing to remove unbound probe, 
and (4) visualization of the probe signal using a 


l 
N <7 
+ — — 
Antibodies anti- ie (or avidin) 


Ps: ae linked with a fluorophore 


Epifluorescent microscopy 


fluorescent microscope. 
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Numeration FISH 

In numeration FISH, probes to specific loci on various chromosomes 
are used to detect copy number changes. Numeration probes are espe- 
cially useful in detecting amplifications or deletions in chromosomes 
or genes of interest. Some specific examples of numeration FISH 
include Her-2 FISH, which detects amplification of Her-2 on chromo- 
some 17, and urinary FISH, which detects increased copy numbers of 
various chromosomes associated with urothelial carcinoma (Fig. 10-9). 


Break-Apart FISH 

In break-apart FISH, probes to specific loci are used to detect chromo- 
somal rearrangements—hence the term break-apart—when the normal 
pattern is co-localized. Although break-apart FISH detects the pres- 
ence of a gene rearrangement, it does not give any information 
about where the rearranged portion goes (i.e., the translocation 
partner). Specific examples of break-apart FISH include FISH tests 
for synovial sarcoma (SYT/SSX1 or SYT/SSX2) (Fig. 10-10) and 
translocation-associated RCC/alveolar soft part sarcoma (break-apart 
TFE3/ASPSCR1). 


g 


A 


Dual Fusion FISH 
In dual fusion FISH, probes to specific loci/chromosomal regions are 
used to detect abnormal fusions. Typically each probe is labeled with 
a different fluorochrome (color); when they co-localize (or fuse), a new 
color is formed by the blending of the fluorochromes, which provides 
evidence that a specific translocation has occurred. Specific examples 
of dual fusion FISH include the classic BCR/ABL translocation of 
chronic myelogenous leukemia and the confirmatory dual fusion 
TFE3/PRCC, which we utilize in our translocation-associated RCC 
panel (Fig. 10-11). 

A description of key cytogenetic alterations in various adult and 
pediatric renal neoplasms that can be detected by FISH is presented in 
Table 10-2. 


Electron Microscopy 


Although immunohistochemical staining and FISH have largely sup- 
planted electron microscopy as a diagnostic modality in the evaluation 
of renal cortical neoplasms, it may still prove useful. For instance, 
ultrastructural evaluation may be valuable in the differentiation of 


Figure 10-9. Urinary FISH performed on a bladder wash containing urothelial carcinoma cells. A, Pap stain. B, Urinary FISH. Note the gains in chromosomes 3 (red), 7 (green), 


and 17 (aqua) and loss of 9p21.3 (gold). 


Figure 10-10. meny sarcoma, presk apart FISH. A, H&E stain. B, “SYTISSX FISH. Note the splitting of the proximal and distal ends of the SYT gene. 


PRCC) and the green signals (representing Xp11, TFE3) creating two yellow fusion signals (representing the TFE3/PRCC translocation). 


Table 10-2. Key Cytogenetic Alterations in Various Renal Neoplasms 


Tumor Cytogenetic Alteration 
Adult Tumors 
Clear cell/conventional 3p deletion, trisomy 3 (rare) 
RCC 
Papillary RCC Trisomy or tetrasomy 7, trisomy 17 (also combination 


of trisomies or tetrasomies 3, 7, 12, 16, 17, or 20) 


Chromophobe RCC onosomy 1 and 17 (also combination of monosomies, 


including 1, 2, 6, 10, 13, 17, and 21) 


Translocation RCC (X;1) translocation (TFE3/PRCC) 


(X;17) translocation (TFE3/ASPSCR 1) 
(6;11) translocation (Alpha/TFEB) 


Mucinous tubular and Losses involving chromosomes 1, 4, 6, 8, 13, and 14 


spindle cell carcinoma 
Gains of 7, 11, 16, and 17 


Synovial sarcoma (X;18) translocation (SYT/SSX1 or SYT/SSX2) 


Pediatric Tumors 
Wilms tumor Deletion of 11p13 (WT1 gene) associated with WAGR 
syndrome detected by FISH 


umerous other genes* associated with Wilms tumor 
detected by microarray technologies 


Congenital mesoblastic (12;15) translocation (ETV6/NTRK3) 
nephroma 


Rhabdoid tumor Deletion of 22q (loss of hSNFS/INI1 tumor suppressor 
gene) 
PNET Host of translocations involving the EWS gene 


(chromosome 22) with FLI7 (11), ERG (21), ETV1 (7), 
E1AF (17), FEV (2), and X chromosome (partner 
gene not well characterized) 


Synovial sarcoma Same as in adult neoplasms 


*For more detailed information regarding testing for Wilms tumor, refer to the website Mendelian 
Inheritance in Man, www.ncbi.nlm.nih.gov/omim. 
PNET, primitive neuroectodermal tumor; RCC, renal cell carcinoma. 


chromophobe carcinoma and oncocytoma, which share light micro- 
scopic features but are quite distinct ultrastructurally.”* In such cases, 
submission of small 1-mm cubes of fresh or formalin-fixed tumor in 
glutaraldehyde for ultrastructural examination is suggested, particu- 
larly if electron microscopy facilities are readily available. Ultrastruc- 
tural examination of more recently recognized pediatric and adult 
renal neoplasms, such as Xp11.2 translocation tumors, carcinomas 
associated with neuroblastoma, and epithelioid angiomyolipoma, may 
also be helpful in further defining and understanding these tumors.” 
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Nephroblastoma 


Nephroblastoma, also known as Wilms tumor, is a malignant embryo- 
nal neoplasm derived from nephrogenic blastemal cells, exhibiting 
variable manifestations of renal embryogenesis (Box 11-1). 


General Features 

Nephroblastoma is the most common kidney tumor in childhood and 
is the fourth most common childhood malignancy; the estimated 
overall annual incidence is 1 in 8000 children, and approximately 400 
new cases are seen every year in the United States.'’ Close to 50% of 
tumors arise in patients younger than age 3 years, and 90% arise in 
patients younger than age 6 years.*° Nephroblastoma is significantly 
less common in the neonatal period, adolescence, and adulthood.” 
There is no significant sex predilection, and the risk of disease, which 
is independent of immigration patterns, is highest among blacks, fol- 
lowed by whites, and lowest among Asians.*'*"'° 


Pathogenesis 

Although most nephroblastomas are apparently sporadic, approxi- 
mately 10% of patients manifest clinical and biological features sug- 
gesting an influence of predisposing germline mutations. Genomic 
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aberrations in at least two distinct chromosomal loci have been associ- 
ated with congenital malformations and an increased risk of nephro- 
blastoma. Otheraberrations have been linked to familial nephroblastoma 
(Table 11-1). 


Role of WT1 
The first congenital syndrome recognized to be associated with an 
increased incidence (33%) of nephroblastoma is the WAGR syndrome 
(Wilms tumor, aniridia, genitourinary malformation, mental retarda- 
tion). Patients with this syndrome carry somatic germline deletions at 
chromosome band 11p13, a genomic region that includes WT1”=™ and 
the gene linked to aniridia, PAX6.” The development of nephroblas- 
toma in these patients correlates frequently with the presence of a 
nonsense or frameshift mutation in the second WT] allele.” 
Another syndrome associated with a high risk (90%) of nephroblas- 
toma is the Denys-Drash syndrome, characterized by glomerular 
mesangial sclerosis and gonadal dysgenesis with resultant male pseu- 
dohermaphroditism. Whereas WAGR syndrome is a result of consti- 
tutional deletion of WTI, patients with Denys-Drash syndrome have 
constitutional dominant negative inactivating point mutations in WT1 
that affect the DNA-binding properties of the encoded protein.**”” 
The WT1 protein is expressed during embryonic development in a 
variety of tissues, including the urogenital system, spleen, heart, and 
mesothelial lining of the abdominal and thoracic cavities.” Targeted 
disruption of the WTI gene in mice leads to gonadal and renal agenesis 
as well as severe heart, lung, spleen, adrenal, and mesothelial abnor- 
malities.”*'*? WTI is a DNA-binding protein with multiple alterna- 
tively spliced isoforms, all containing four zinc fingers. Patients with 
nephroblastoma carrying germline WTI alterations are generally 
younger, with a median age of 1 year, and their tumors are more likely 
to be bilateral and stroma-rich. Such patients also have an increased 
prevalence of genital tract anomalies and early-onset nephrotic 
syndrome with diffuse mesangial sclerosis.” Whereas germline altera- 
tions of WT1 function are highly associated with nephroblastoma 
development, the role of WT1 disruption in the pathogenesis of spo- 
radic nephroblastoma seems more limited.”*** Moreover, in a recent 
study, constitutional WTI mutations were identified in approximately 
2% of nonsyndromic children with nephroblastoma.* Notably, nephro- 
blastomas and associated nephrogenic rests are associated with 
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identical WT1 mutations and loss of heterozygosity patterns, indicat- 
ing that loss of WT1 function is an early event in nephroblastoma 
development.” It has been gradually realized that WT1 is overex- 
pressed in various human neoplasms, including leukemia and a variety 
of carcinomas.” * 


Role of WT2 

A third distinct clinical syndrome with a consistent predisposition to 
nephroblastoma is the Beckwith-Wiedemann syndrome. This over- 
growth disorder is characterized by hemihypertrophy, macroglossia, 
omphalocele, visceromegaly, and a 5% to 10% risk of nephroblastoma. 
Loss of heterozygosity at 11p15 was initially noted because of its recur- 
rent identification in nephroblastomas with intact WT] alleles.”* The 
11p15 locus was subsequently linked to the Beckwith-Wiedemann 
syndrome, and its heterozygous loss was confirmed in an analysis of a 
subset of sporadic nephroblastomas.**“° 


Table 11-1. Syndromes Associated with Nephroblastoma Development 


Syndrome Overgrowth Genetic Anomaly Locus 
Associated with WT1 or WT2 

WAGR No WT1 gene deletion 11p13 
Denys-Drash No WT1 gene mutation 11p13 
Beckwith-Wiedemann Yes Loss of imprinting at WT2 11p15 
Associated with Other Genes 

Simpson-Golabi-Behmel Yes GPC3 gene mutation Xq26 
Li-Fraumeni No TP53 gene mutation 17p13 
Neurofibromatosis type 1 No NF1 gene mutation 17q11 
Bloom No BLM gene mutation 15q26 
Perlman Yes = = 
Sotos Yes = = 
Trisomy 18 No Chromosome 18 = 


WT?2 refers to a putative Wilms tumor locus at 11p15.5, but it is 
understood that the locus is the site of several genes that may play a 
role in nephroblastoma pathogenesis. Detailed analysis of the 11p15.5 
locus demonstrated at least 10 imprinted genes within the region. 
Normally, only one of two parental alleles of an imprinted gene is 
expressed, with transcriptional silencing of the other parental homolog 
by methylation of the promoter region. A number of aberrations in 
imprinted genes at 11p15.5 have been implicated in nephroblastoma 
tumorigenesis; most notably, overexpression of insulin-like growth 
factor 2 (IGF2) and reduction or loss of H19 and p57“? (CDKNIC) 
expression.” 


Familial Predisposition 

Approximately 2% of patients with nephroblastoma have a positive 
family history of the disease. Studies of pedigrees and segregation 
analyses have suggested that nephroblastoma predisposition in these 
families is the result of an autosomal dominant allele that is incom- 
pletely penetrant.“ Generally, familial nephroblastomas have an earlier 
age of onset and an increased frequency of bilaterality in comparison 
to nonfamilial tumors. Two putative familial predisposition genes have 
been mapped to 17q12-q21 (FWT1) and 19q13.3-q13.4 (FWT2), but 
neither gene has yet been identified." Constitutional WT1 mutations 
have been identified in only a few nephroblastoma families, but genetic 
linkage analysis excluded WT1 as the predisposing gene in most other 
families studied.***’ The fact that no linkage to WT1, FWT1, or FWT2 
was observed in several families with susceptibility to nephroblastoma 
suggests the existence of additional pathogenetic factors and suscepti- 
bility genes.**° 


Nephrogenic Rests and Multicentric Renal Disease 

In 7% of cases, nephroblastoma arises in the kidney as multicentric 
unilateral tumors; in 5% of cases they arise as multicentric bilateral 
tumors. Patients with multicentric tumors are more likely than those 
with single tumors to have genetic syndromes, an overall younger age 
at the time of onset (27 months), and renal failure, even when the 
tumors are treated successfully.” Most cases of multicentric nephro- 
blastoma are associated with nephrogenic rests, which are considered 
to be the precursor lesion of this tumor.” 


Phenotype 


Aniridia, genitourinary anomalies, mental retardation 
Gonadal dysgenesis, early-onset nephropathy 


Organomegaly, macroglossia, hemihypertrophy, omphalocele 


Prenatal and postnatal overgrowth, visceral and skeletal anomalies 
Sarcomas, breast cancer, leukemia, brain tumors, adrenocortical tumors 
Neurofibromas, pigmented skin lesions, pigmented iris hamartomas 
Lymphomas, leukemia, early-onset carcinomas 

Renal dysplasia, fetal gigantism, islets of Langerhans hypertrophy 


Cerebral gigantism, large birth weight, macrocrania, large ears, prominent mandible 


Renal malformations (horseshoe kidney), congenital heart defects 
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Clinical Presenting Features 

Most patients with nephroblastoma are brought to medical attention 
because of abdominal distention or identification of a palpable asymp- 
tomatic abdominal mass. One third of patients present with abdominal 
pain, anorexia, vomiting, malaise, or a combination thereof. Gross 
hematuria is a less common presenting symptom. A case of nephro- 
blastoma causing sudden death due to tumor embolism has been 
reported.” 

Congenital syndromes associated with nephroblastoma have been 
traditionally divided into overgrowth and nonovergrowth categories. 
Overgrowth syndromes include Beckwith-Wiedemann syndrome, 
Perlman syndrome, Sotos syndrome, and Simpson-Golabi-Behmel 
syndrome. Examples of nonovergrowth syndromes include WAGR 
syndrome, Denys-Drash syndrome, Bloom syndrome, and Edwards 
(trisomy 18) syndrome. Syndromes associated with the highest risk 
of nephroblastoma include WAGR, Beckwith-Wiedemann, and 
Denys-Drash syndromes. On physical examination, any signs sugges- 
tive of nephroblastoma-associated syndromes, such as aniridia, 
partial or complete hemihypertrophy, overgrowth, and genitourinary 
abnormalities—hypospadias, cryptorchidism, or ambiguous genitalia— 
must be documented. Approximately one third of patients have hyper- 
tension or hematuria. Mucosal hemorrhage and easy bruising in a 
patient with nephroblastoma might be an indication of acquired von 
Willebrand disease." 


Staging 

Although several different staging systems are used worldwide, all 
major systems share key salient features. The key determinant of stage 
is the anatomic extent of tumor invasion, and therapy is currently 
based on stage and histologic features. Factors considered in determin- 
ing the anatomic extent of tumor invasion include penetration of renal 
capsule, tumor within renal sinus vessels, positive surgical margins, 
and metastasis to regional lymph nodes. Table 11-2 summarizes the 
North American National Wilms Tumor Study Group staging system 
for childhood renal neoplasms.” 


Table 11-2. North American National Wilms Tumor Study Group Staging System for 
Renal Tumors 


Stage Definition 


| Tumor limited to the kidney and is completely resected 


ll Tumor extends beyond kidney and is completely resected 

Tumor penetrates renal capsule 

nfiltration into renal sinus vessels 

nfiltration to adjacent organs or vena cava but tumor completely 
resected 

Biopsy of tumor before removal 

Tumor spillage focally 


Ill Residual tumor present and confined to abdomen 
Resection margins positive for tumor 

Iransected tumor thrombus 

noperable tumor 

Lymph nodes of abdomen or pelvis involved by tumor 
Tumor implants on peritoneal surfaces 

Tumor spillage into peritoneal cavity 


IV Hematogenous metastasis or lymph node metastasis outside 
abdomen and pelvis 


V Bilateral renal involvement at diagnosis 
Tumor in each kidney should be substaged separately 


Pathologic Features 

Macroscopic Features 

Most nephroblastomas are nodular tumors that are well circumscribed 
and sharply delineated from surrounding tissues (Fig. 11-1). Most have 
a distinct peritumoral pseudocapsule that is especially prominent at 
the interface between the tumor and normal kidney. This finding may 
be a helpful aid in distinguishing nephroblastoma from hyperplastic 
nephrogenic rests, which lack a surrounding pseudocapsule. Gross 
characteristics of nephroblastoma vary and reflect the differential pre- 
dominance of stromal and nonstromal components in individual 
tumors. Whereas nephroblastoma is commonly pale gray or tan and 
has a soft consistency, tumors that consist predominantly of stroma 
may be white and firm. Cyst formation varies and may be prominent 
in certain cases. Rare cases of so-called botryoid nephroblastoma that 
are localized almost exclusively to the renal collecting system have 
been described.” 


Microscopic Features 

Tumors are classically composed of three histologic components— 
blastema, epithelium, and stroma—that are present in most cases, 
albeit in varying relative proportions (Fig. 11-2). One hallmark of 
nephroblastoma is its marked histologic diversity, which may be seen 
in any of the components and may lead to diagnostic difficulties in 
certain cases. 

Blastemal cells are small, round, densely packed, with scant cyto- 
plasm and no morphologic evidence of differentiation. Mitotic figures 
are usually numerous. The blastemal component often exhibits various 
growth patterns, including serpentine, nodular, diffuse, and basaloid. 
Multiple growth patterns are commonly identified within individual 
tumors. 

An epithelial component is identified in most nephroblastomas. 
Primitive tubular and occasional glomeruloid structures, recapitulat- 
ing developmental stages of metanephric tubules, are most commonly 
encountered. Sections of primitive tubular structures may exhibit 
rosette-like forms. Differentiated epithelial structures are not 


Figure 11-1. Nephroblastoma, nodular and well circumscribed, obliterating most of 
the native kidney. (Photo courtesy of Beverly B. Dahms, MD, Cleveland, OH.) 
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Figure 11-2. A, Nephroblastoma is usually composed of three histologic components: blastema, epithelium, and stroma. B, High-power micrograph of blastema, epithelium, and 


stroma showing numerous mitotic figures especially within blastema and epithelium. (From Khoury JD. Nephroblastic neoplasms. Clin Lab Med. 2005;25(2):341-361, vi-vii.) 


uncommon, especially in post-therapy specimens. Nephroblastomas 
with squamous, mucinous, or ciliated epithelial components are occa- 
sionally observed. 

Nephroblastomas exhibit significant diversity in the relative abun- 
dance and patterns of differentiation of the stromal component. Most 
commonly, the stroma is composed of spindle cells with a myxoid 
background resembling embryonal mesenchyme. Skeletal muscle 
tissue at various stages of maturation constitutes the most common 
line of heterologous stromal differentiation and may occasionally be 
extensive. Nevertheless, the scope of stromal differentiation in nephro- 
blastoma is quite wide and includes smooth muscle, cartilage, bone, 
adipose tissue, and neural tissue (Fig. 11-3). 


Microscopic Features as a Prognostic Factor 
Overall, approximately 5% of nephroblastomas have unfavorable his- 
tology.” Unfavorable histology in nephroblastoma denotes tumors with 
anaplastic cells, characterized by significant nuclear enlargement, 
nuclear hyperchromasia, and enlarged multipolar mitotic figures” 
(Fig. 11-4). Significant nuclear enlargement refers to nuclei that are at 
least three times the size of nuclei of adjacent nonanaplastic tumor 
cells. Anaplasia may occur in the blastemal, epithelial, or stromal 
components. Assessment of anaplasia in tumors exhibiting skeletal 
muscle differentiation should be done with caution. Large atypical cells 
within areas of skeletal differentiation do not generally qualify as ana- 
plastic based on the contention that such atypical cells are rarely 
accompanied by multipolar mitotic figures and are morphologically 
similar to degenerating skeletal muscle cells following trauma. 

Histologic characterization of nephroblastoma evolved from the 
recognition of an association between anaplastic features and poor 
clinical outcome. Whereas standard treatment regimens for nephro- 
blastoma result in high cure rates in most cases, patients with tumors 
exhibiting unfavorable histology have a significantly lower failure-free 
survival rate despite intensive chemotherapy and radiation therapy.” ”* 
Notably, the prevalence of unfavorable histology in nephroblastoma 
varies by race and age. Unfavorable histology is more common in 
blacks than in members of other races, and it is rare in patients younger 
than age 2 years, increasing gradually to a plateau of approximately 
13% in patients age 5 years and older.” 

On a genomic level, nuclear enlargement and hyperchromasia 
are manifestations of increased cellular DNA content, while atypical 


mitotic figures appear to reflect disruption of cellular genomic integ- 
rity with resultant mitotic errors and elevated mutability rates.” 
Whereas TP53 mutations are not common in nephroblastoma,” 
when present they are associated strongly with foci of anaplastic mor- 
phology.” Furthermore, detection of TP53 overexpression by immu- 
nohistochemistry has been found to be associated with anaplastic 
morphology and worse outcome.” ®? 

Anaplasia is considered a harbinger of resistance to chemotherapy, 
and its prognostic significance appears more profound when it is dif- 
fusely distributed and when identified at advanced disease stages.” 
Accordingly, distinction between focal anaplasia and diffuse anaplasia 
has permitted better stratification of patients for therapeutic and prog- 
nostic purposes.** Focal anaplasia refers to the presence of one or a few 
sharply localized foci of anaplasia within a primary tumor, without 
evidence of concomitant widespread nuclear atypia. In contrast, crite- 
ria for diffuse anaplasia are met when one or more of the following is 
present: (1) nonlocalized anaplasia or anaplasia beyond the tumor 
capsule; (2) anaplastic cells present in intrarenal or extrarenal vessels, 
renal sinus, extracapsular invasive sites, or metastatic sites; (3) focal 
anaplasia with nuclear unrest (see following paragraph) present else- 
where in the tumor (Box 11-2). 

Occasionally, nephroblastoma with favorable histology may exhibit 
nuclear enlargement and hyperchromasia in the absence of detectable 
enlarged multipolar mitotic figures. Such morphologic findings have 
been called nuclear unrest. Although tumors with nuclear unrest may 
represent an intermediate stage in a continuum from favorable to unfa- 
vorable histology, they appear to be more akin to tumors with favorable 
histology from clinical as well as biological standpoints.** However, as 
mentioned in the preceding paragraph, widespread nuclear unrest 
associated with focal anaplasia does constitute diffuse anaplasia. 


Metastatic Nephroblastoma 

Metastatic nephroblastoma may be composed of a single component 
or a combination of components present in the primary tumor. Not 
uncommonly, lymph nodes with or without apparent metastatic tumor 
may contain amorphous proteinaceous material within the nodal sinu- 
soidal system. The same material is usually identified within glomeruli 
and tubules in the corresponding non-neoplastic renal parenchyma 
(Fig. 11-5). Such material alone, in the absence of unequivocal meta- 
static nephroblastoma cells, is not evidence of metastatic disease. 


Figure 11-3. Nephroblastoma may exhibit a variety of histologic features. A, Skeletal 
muscle differentiation is common in the stromal component and is generally composed 
of rhabdoid or spindle cells at various stages of differentiation. B, Tumor with stroma 
exhibiting lipomatous differentiation. C, Tumor with prominent squamous and skeletal 
muscle differentiation. (From Khoury JD. Nephroblastic neoplasms. Clin Lab Med. 
2005;25(2):34 1-361, vi-vii.) 


(B). (From Khoury JD. Nephroblastic neoplasms. Clin Lab Med. 2005;25(2):341-361, vi-vii.) 


Box 11-2. Criteria for Diffuse and Focal Anaplasia in Nephroblastoma 


Morphologic Effects of Therapy 

Post-therapy changes in nephroblastoma generally include a dramatic 
reduction in actively proliferating embryonal cells (blastema and prim- 
itive epithelium) and disproportionate persistence of mature tubular 
and skeletal muscle cells.***° Anaplastic tumor cells are generally unaf- 
fected by current therapy, and their presence should be documented 
in any post-therapy specimen with residual tumor. 


Immunophenotypic Features 

Immunohistochemistry is of limited usefulness in the diagnosis of 
nephroblastoma. Nuclear immunostaining with WT1 is generally 
identified in the blastemal and (primitive) epithelial components and, 
to a much lesser extent, in the stromal component.” Notably, WT1 
expression occurs in a variety of neoplasms, including desmoplastic 
round cell tumor, leukemia, and a wide spectrum of carcinomas such 
as breast, lung, pancreas, endometrial, and colon carcinoma.” Most 
nephroblastomas appear to express pax2 and erb-B2.***” 


Clinical Course and Outcome 

In general, nephroblastomas have a restricted pattern of local growth 
and metastasis. Intravascular extension is identified in approximately 
6% of patients, most commonly involving the inferior vena cava and 
occasionally extending to the right atrium, but it does not appear to 
affect outcome.””' Nephroblastoma metastasizes most commonly to 
regional lymph nodes, lungs, and liver. Other less common metastatic 
sites include the spinal epidural space, central nervous system, and 
mediastinal lymph nodes. Metastasis to bone is unusual, occurring in 
less than 1% of patients. Patients whose tumor ruptures spontaneously 
or iatrogenically have a high probability of developing distant implants, 
usually in the peritoneum. 

The treatment of children with renal tumors often begins with 
resection of the affected kidney and tumor, and subsequent manage- 
ment is determined by the stage and histologic features of the tumor. 
In Europe and certain non-European countries, preoperative chemo- 
therapy is the preferred initial step in treating patients with renal 
tumors. Standard chemotherapy agents such as vincristine and dacti- 
nomycin are generally used to treat patients with stage I and II tumors 
with favorable histology and stage I tumors with unfavorable histology. 
Radiotherapy and more cytotoxic chemotherapeutic agents are used to 
treat patients with stage III and IV tumors with favorable histology as 
well as stage II to IV tumors with unfavorable histology. Patients with 
bilateral tumors (stage V) are given preoperative chemotherapy fol- 
lowed by bilateral partial nephrectomy aimed at preserving as much 
uninvolved renal tissue as possible. 

Overall survival estimates for patients with nephroblastoma treated 
with current therapeutic regimens exceeds 85%.°”” The most signifi- 
cant factors affecting clinical outcome and survival of patients with 
nephroblastoma include age at diagnosis, stage, and histologic features. 
For patients with favorable histology tumors, age less than 2 years is 
strongly associated with better survival.” The impact of stage on 
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Figure 11-5. Amorphous proteinaceous material may be seen in regional lymph nodes with or without associated metastatic tumor cells. A, Proteinaceous material without 
metastatic tumor. B, The same proteinaceous material is present within the renal parenchyma. (From Khoury JD. Nephroblastic neoplasms. Clin Lab Med. 2005;25(2):341-361, 


v-vii.) 


prognosis using current therapy is highly significant and has been 
reproduced in a variety of large clinical trials.”’*”* Similarly, patients 
with diffuse unfavorable histology nephroblastoma have a worse 
overall stage-adjusted survival rate.”">”° 


Nephrogenic Rests and Nephroblastomatosis 


Nephrogenic rests are foci of embryonal cells persisting beyond infancy 
and potentially capable of developing into nephroblastoma.”* When 
nephrogenic rests are extensive, the term nephroblastomatosis is pre- 
ferred. Two variants of nephrogenic rests are recognized: perilobar 
nephrogenic rests and intralobar nephrogenic rests (PLNR and ILNR, 
respectively).”*”° 

Nephrogenic rests are identified in less than 1% of infants during 
postmortem examinations and in as many as 45% of patients with 
nephroblastoma.”*”* There is also a strong association between neph- 
rogenic rests in general and metachronous bilateral nephroblastomas. 
The incidence of nephrogenic rests is increased among patients with 
germline mutations of WTI or at the WT2 locus. Losses of heterozy- 
gosity at 11p13 and 11p15 and WT1 mutations have been identified 
both within rests and in adjacent nephroblastoma; this finding lends 
further credence to the multistep progression model of nephroblas- 
toma development.” However, the fact that most nephrogenic rests 
never progress to nephroblastoma indicates that additional events are 
necessary for full malignant transformation. 


Pathologic Features 

Perilobar Nephrogenic Rests 

Perilobar nephrogenic rests are located at the periphery of renal lobes 
and are composed of discrete foci of blastema and embryonal epithelial 
cells with scant stroma. Morphologic subtypes, reflecting the different 
stages of PLNR development, have been described.” Dormant or 
incipient rests are foci with no evidence of involution or proliferation. 
An obsolescent rest refers to the end stage of a nephrogenic rest’s devel- 
opment, in which the rest is composed predominantly of collagenous 
stroma. When PLNR exhibit focal or diffuse overgrowth, they are 
referred to as hyperplastic rests. An extreme example in which one or 
sometimes both kidneys are involved by a somewhat continuous sub- 
capsular band of nephrogenic tissue is referred to as diffuse hyperplastic 
perilobar nephroblastomatosis.” 

Hyperplastic PLNR are composed of blastema and embryonal epi- 
thelium and may exhibit marked proliferative changes that include 
frequent mitotic figures and prominent nucleoli. Distinction between 
hyperplastic PLNR and nephroblastoma in biopsy specimens may not 
be possible. Morphologic features that may aid in such a distinction 
are more readily notable in nephrectomy or partial nephrectomy 
specimens, and these features include (1) a direct interface with renal 
parenchyma and lack of a pseudocapsule in PLNR (Fig. 11-6) and 
(2) preservation of the original subcapsular ovoid shape in PLNR, 
in contrast to the tendency for spherical expansile growth in 
nephroblastoma. 


Intralobar Nephrogenic Rests 

Intralobar nephrogenic rests occur anywhere within the renal lobe, as 
well as within the renal sinus and the walls of the pelvicaliceal system. 
ILNR are interposed between nephrons and consist of abundant 
stroma with blastemal and tubular components. Similar to PLNR, 
ILNR may be dormant, obsolescent, or hyperplastic. Hyperplasia in 
ILNR usually involves stromal, epithelial, or blastemal elements. 
Hyperplastic ILNR and nephroblastoma are readily distinguished by 
identifying a fibrous capsule that surrounds nephroblastoma and is 
lacking in hyperplastic ILNR. 


Figure 11-6. Nephroblastoma (bottom right) is almost always surrounded by a pseu- 
docapsule, unlike nephrogenic rests (bottom left and upper right), which interface 
directly with the renal parenchyma. 


Clinical Features 

As mentioned above, only a small proportion of nephrogenic rests 
develop into nephroblastoma. The presence of nephrogenic rests 
within a kidney harboring nephroblastoma implies a need for close 
assessment and surveillance of the contralateral kidney for tumor 
development. ILNR progress to nephroblastoma at a significantly 
higher frequency than do PLNR and are more commonly associated 
with WTI mutations and congenital syndromes. In contrast, PLNR 
rarely progress to malignancy, but the association between PLNR and 
metachronous bilateral nephroblastoma development is particularly 
high in children younger than 12 months.” 

Treatment of hyperplastic nephroblastomatosis is controversial and 
may include kidney-sparing surgery with or without chemotherapy.’ 
Particularly when bilateral, diffuse perilobar hyperplastic nephroblas- 
tomatosis is treated with chemotherapeutic regimens recommended 
for low-stage nephroblastoma with favorable histology.” 


Cystic Partially Differentiated Nephroblastoma 


Cystic partially differentiated nephroblastoma (CPDN) is a multilocu- 
lar cystic neoplasm composed of epithelial and stromal elements and 
considered a part of the spectrum of nephroblastoma."*'"'”» Tumors are 
composed entirely of cysts with septa containing foci composed of 
variable proportions of the three components of nephroblastoma.'**'” 
When no blastemal or immature epithelial elements are identified and 
cysts are lined by mature elements only, the term cystic nephroma is 
used. It should be emphasized that cystic nephroma in children is not 
considered biologically identical to a morphologically similar lesion 
in adults. 

CPDN mostly affects patients younger than age 2 years and occurs 
twice as frequently in males as in females. Most patients are asymp- 
tomatic and are brought to medical attention because of a palpable 
abdominal mass. Imaging studies aid in identifying the cystic nature 
of the lesion and the absence of distant lesions. Complete surgical 
resection is considered curative; recurrence may follow incomplete 
resection.’ 

On gross examination, CPDN may be up to several centimeters in 
greatest dimension and is well circumscribed from the adjacent renal 
parenchyma. The focal nature of the lesion and identification of unin- 
volved renal parenchyma are helpful in distinguishing CPDN from 
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Figure 11-7. Cystic partially differentiated nephroblastoma is composed of undiffer- 
entiated and differentiated components within thin septa devoid of solid tumor nests. 


polycystic kidney disease. Cysts are of variable size, filled by a thin 
colorless fluid, and are lined by thin septa. 

Microscopically, septa of CPDN are variably cellular and contain 
undifferentiated and differentiated components’ (Fig. 11-7). Most 
tumors have a skeletal muscle component, whereas cartilage and 
adipose tissue are present occasionally." Identification of an 
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expansile nodular proliferation warrants a diagnosis of cystic nephro- 
blastoma. The diagnosis of CPDN should not be employed in tumors 
with anaplasia or after chemotherapy. 


Mesoblastic Nephroma 


Mesoblastic nephroma (also known as congenital mesoblastic nephroma) 
is a spindle cell mesenchymal neoplasm of the kidney and renal sinus 
arising prenatally or within 1 year of birth. Mesoblastic nephroma 
comprises approximately 5% of childhood renal tumors and virtually 
never arises after age 3 years. 


Pathologic Features 

Grossly, mesoblastic nephroma can range from a firm neoplasm with 
whorled cut surfaces to fleshy with cystic and hemorrhagic cut surfaces 
(Fig. 11-8A). Gross characteristics generally correspond to histologic 
features. 

Three variants of mesoblastic nephroma are recognized on the basis 
of histology and molecular features: cellular, classic, and mixed. Cel- 
lular mesoblastic nephroma is the most common variant, comprising 
66% of cases. Histologically, it is composed of sheets and poorly 
formed fascicles of spindle cells that have a pushing border against the 
adjacent renal parenchyma (see Fig. 11-8B and C). Mitotic figures are 
prominent, and necrosis is seen in a sizeable subset of cases. Cellular 
mesoblastic nephroma is histologically identical to infantile fibrosar- 
coma, and both entities share a nonrandom translocation, t(12;15) 
(p13;q25), leading to ETV6-NTRK3 fusion. ™® Most cases harbor 
aneuploidy of chromosomes 8, 11, and 17.%®™" Cellular mesoblastic 
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nephroma and infantile fibrosarcoma are, thus, currently regarded as 
a single entity with variant anatomic presentations. 

Classic mesoblastic nephroma comprises 24% of cases and is his- 
tologically similar to infantile fibromatosis of the renal sinus. Tumors 
infiltrate adjacent renal tissue and are composed of well-formed fas- 
cicles of spindle cells with bland nuclear features, abundant cytoplasm, 
and variable degrees of collagen deposition. Mitotic figures are usually 
rare, and necrosis is generally absent. Of note, classic mesoblastic 
nephroma (and infantile fibromatosis) is not associated with the pres- 
ence of the t(12;15)(p13;q25) translocation or ETV6-NTRK3 fusion, 
and they are typically diploid. 

Mixed mesoblastic nephroma comprise 10% of cases, and they 
typically have features of cellular and classic variants. Molecular fea- 
tures of mixed mesoblastic nephroma remain poorly characterized. 

Immunohistochemistry is generally of limited use in mesoblastic 
nephroma. The neoplastic cells are positive for vimentin and exhibit 
variable expression of smooth muscle actin. 


Clinical Features 

Patients generally present with an asymptomatic abdominal mass. 
Nearly 90% of patients are diagnosed before age 3 months. If com- 
pletely excised, mesoblastic nephroma is associated with an excellent 
prognosis. Overall event-free survival is greater than 95%, albeit occa- 
sional patients with high-stage cellular mesoblastic nephroma may 
have a worse prognosis.'!” 


Clear Cell Sarcoma of the Kidney 


Clear cell sarcoma of the kidney (CCSK) (previously referred to as 
bone-metastasizing renal tumor of childhood) is a distinct malignant 
renal neoplasm of childhood. It comprises approximately 3% of pedi- 
atric renal tumors and has a peak incidence in patients between age 2 
and 3 years." Most patients present with a large mass (mean diameter, 
11 cm) localized to the renal medulla. 

Grossly, CCSK is generally well-circumscribed but unencapsulated, 
with tan, soft, variably cystic cut surfaces. A hallmark of the neoplasm 
is its wide histologic variability. Classically, CCSK is composed of nests 
or cords of neoplastic cells separated by an arborizing fibrovascular 
framework." The neoplastic cells are epithelioid or spindled, with 
variable degrees of cytoplasmic clearing. Nuclei are round to ovoid, 
with fine chromatin and inconspicuous nucleoli. Variant histologic 
features include myxoid pattern, sclerosing pattern, cellular pattern, 
and epithelioid pattern. Varying arrangements of prominent spindle 
cell morphology (palisading, spindle cell, or storiform patterns) may 
mimic other spindle cell renal neoplasms. Anaplasia is seen in a small 
subset of CCSK (<3% of cases). Post-therapy recurrences may exhibit 
deceptively bland histologic features, mimicking fibromatosis or 
myxoma." 

Diagnosis of CCSK relies primarily on histologic evaluation. By 
immunohistochemistry, the neoplastic cells are positive for vimentin 
and Bcl-2, and they are negative for CD34, S-100, desmin, CD99, and 
cytokeratin. 

With current chemotherapy regimens, patients with CCSK have 
nearly 70% survival rates.''’ Nevertheless, metastasis may occur as late 
as a decade after diagnosis. Although involvement of perirenal lymph 
nodes is commonly identified at diagnosis (29% of cases), the most 
common site of recurrence is bone. 


Rhabdoid Tumor 


Rhabdoid tumor of the kidney is a highly malignant neoplasm associ- 
ate with a poor prognosis. Although rhabdoid tumor was initially 


described in the kidney, it is currently regarded as a systemic malig- 
nancy with a propensity to involve particular anatomic sites, including 
the kidney, central nervous system (where it is referred to as atypical 
teratoid rhabdoid tumor [AT/RT]), and soft tissue. The unifying bio- 
logical feature of rhabdoid tumor is the biallelic silencing of the hSNF5/ 
INI1 gene on chromosome 22, with resultant loss of expression of its 
product, BAF47.""*"” The importance of hSNF5/INIJ in the pathogen- 
esis of rhabdoid tumor is illustrated in cases with germline heterozy- 
gous inactivation of the gene who exhibit high predisposition to the 
development of rhabdoid tumor.'*”'” Most patients with rhabdoid 
tumor of the kidney present with an abdominal mass, with or without 
pain and hematuria. The majority of patients have metastatic disease 
at presentation. Outcome is frequently poor, being even worse with 
high stage and in infancy.'” 

Histologically, rhabdoid tumors are unencapsulated and highly 
invasive, with extensive lymphovascular involvement. Neoplastic 
cells have abundant cytoplasm with an eccentrically located nucleus 
with a prominent eosinophilic nucleolar region. A hyalinized cyto- 
plasmic inclusion is seen in at least a subset of neoplastic cells in 
most cases." 

Rhabdoid tumors exhibit polyphenotypic differentiation, often 
positive by immunohistochemistry for vimentin, desmin, and 
pancytokeratin. However, demonstration of absent BAF47 expres- 
sion by immunohistochemistry has recently become the defining 
feature of rhabdoid tumors, in the proper histologic and clinical 
context.'”° 


Ossifying Renal Tumor of Infancy 


Ossifying renal tumor of infancy is a rare distinctive benign 
renal neoplasm composed of osteoid trabeculae, osteoid-like giant 
cells, and a spindle cell component.” ™! The neoplasm arises as an 
intracalyceal mass that is usually attached to the medullary pyramid. 
Age at presentation has ranged from 6 days to 17 months. Patients 
usually present with gross hematuria. Grossly, the tumor is well cir- 
cumscribed and ranges from 1 to 6 cm in diameter. Histologic features 
are notable for osteoid deposition in a trabecular distribution in which 
osteoblast-like cells are interspersed. Occasional areas of bland spindle 
cells also may be identified. This neoplasm is generally considered 
benign. 


Metanephric Tumors 


This group of renal tumors is categorized on the basis of the extent of 
epithelial versus stromal components, and it includes three entities: 
metanephric adenoma, metanephric adenofibroma, and metanephric 
stromal tumor. 


Metanephric Adenoma 


Metanephric adenoma is a cellular epithelial neoplasm composed of 
tubular structures lined by small uniform embryonal cells (Fig. 11-9). 
The neoplastic cells characteristically lack nuclear atypia, and mitotic 
figures are typically scarce or absent. Metanephric adenoma is gener- 
ally unencapsulated and sharply demarcated from adjacent renal 
parenchyma. Patients range in age from 5 to 80 years, and most cases 
are 3 to 6 cm in diameter.’ Despite the low-grade histologic features, 
metanephric adenoma commonly shows gross areas of hemorrhage 
and necrosis. Foci of ossification are seen in a subset of cases; others 
show variable amounts of psammomatous calcification. Metanephric 
adenoma is usually discovered incidentally and generally has a favor- 
able prognosis. 


223 


224 


Figure 11-9. Metanephric adenoma composed of tubular structures lined by small 
uniform embryonal cells with bland nuclear features. 


Metanephric Adenofibroma 


Metanephric adenofibroma (previously termed nephrogenic adenofi- 
broma) is a biphasic neoplasm composed of areas indistinguishable 
from metanephric adenoma admixed with a stromal component of 
variable proportions.'*’ The median age at diagnosis is 30 months. The 
stromal component is bland and identical in morphology to that seen 
in metanephric stromal tumor (see next section). The epithelial com- 
ponent may occasionally show increased mitotic figures, and in some 
cases it exhibits morphologic features of malignancy identical to those 
seen in nephroblastoma. Additionally, some cases have been reported 
to contain a carcinomatous component that is reminiscent of papillary 
renal carcinoma.'**'** 


Metanephric Stromal Tumor 


Metanephric stromal tumor (MST) is a benign stromal tumor of the 
kidney.'** The median age at diagnosis is 13 months. The tumor usually 
arises in the medullary area and exhibits a lobulated, solid, fibrotic 
consistency. Nearly half of the cases are grossly cystic. MST is com- 
posed of unencapsulated nodular arrangements of spindle or stellate 
neoplastic cells. Neoplastic cells infiltrate adjacent renal structures, 
with the formation of characteristic concentric circular arrangements 
(so-called onion skin pattern) around entrapped renal tubules and 
blood vessels. MST commonly demonstrates angiodysplasia of 
entrapped arterioles, consisting of epithelioid transformation and 
myxoid change of medial smooth muscle cells. In addition, tumors 
variably harbor juxtaglomerular cell hyperplasia within entrapped 
glomeruli, leading to hypertension associated with hyper-reninism, as 
well as heterologous differentiation consisting mostly of cartilage or 
glial elements. 


Anaplastic Sarcoma of the Kidney 


Anaplastic sarcoma of the kidney is a recently recognized malignant 
renal neoplasm.'** It involves patients age 10 months to 41 years 
(median age, 5 years). The neoplasm consists of a spindle cell compo- 
nent with multiple foci of anaplastic changes. Chondroid differentia- 
tion is seen in most cases and manifests as islands of hyaline cartilage 
or chondroid matrix. The nodules of cartilage show both benign and 
malignant features, often within the same tumor. In rare cases, small 
foci of osteoid deposition and osteoclast-like giant cells are seen, as 
well as primitive blastema-like areas. 


Renal Cell Carcinoma Associated 
with Neuroblastoma 


Rare neuroblastoma survivors have been reported to develop renal 
cell carcinoma. In some reported cases, the tumors were identified 
synchronously.” Most reported patients are younger than age 2 years 
at the time neuroblastoma is identified. The median age at which renal 
cell carcinoma is diagnosed has been 13.5 years. 

Histologically, these tumors are heterogeneous. A subset exhibits 
features that are reminiscent of renal carcinomas associated with 
Xp11.2 translocations (TFE3 gene fusions), whereas another subset 
consists of small tumors identical to conventional clear cell renal cell 
carcinoma.'** 


Other Primary Renal Neoplasms of Childhood 


A variety of childhood neoplasms that generally arise outside the 
kidney may occasionally present as primary renal tumors. The features 
of these neoplasms are identical to their respective counterparts arising 
in extrarenal locations. These neoplasms include the Ewing sarcoma 
family of tumors,” synovial sarcoma,'' and desmoplastic small 
round cell tumor.'” 
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Clear Cell Renal Cell Carcinoma 


Incidence and Demographics 

Clear cell renal cell carcinoma (CRCC) accounts for 66% to 75% of 
malignant primary tumors of the kidney, with the remaining 15% 
being composed of chromophobe, papillary, collecting duct, and other 
types of carcinoma.’* Overall, renal cell carcinoma (RCC) is the sixth 
most common cancer in men and women in developed countries.’ The 
incidence of new RCC diagnoses in North America is 4%. The median 
age at presentation is 66 years, and most cases present in patients 
between the fifth and seventh decades of life. There is higher incidence 
in men compared to women (2:1).°” Tobacco smoke, both primary 
and secondary, has been implicated in the pathogenesis of RCC.’ A 
relationship between obesity, due to an indirect increase in estrogen 
production, and increased incidence of RCC has been described. In 
fact, the rate of RCC in the obese population is almost double that in 
the normal-weight population.””'® A small subset of RCC can be 
attributed to the presence of long-standing hypertension. Finally, 
hereditary forms of RCC are another subset of underlying etiologies 
and are discussed in further detail in Chapter 14. 


Localization and Clinical Manifestations 
Clear cell RCC can be localized to either kidney, and no preferential 
differences have been noted. Multicentric tumors have an incidence of 
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up to 25%, and bilateral tumors occur in fewer than 4% of cases.'’ Both 
multicentricity and bilateral presentation may be indicators of possible 
hereditary forms of CRCC associated with von Hippel-Lindau syn- 
drome. In terms of location within the kidney, most higher-stage 
tumors are located in the midportion, with involvement of the renal 
sinus or renal vein thrombi. 

The old axiom that more than half of CRCC cases present with the 
characteristic triad of hematuria, flank pain, and mass effect is, in fact, 
not true anymore. The triad is rarely reported; in almost 70% of 
patients the tumor is an incidentally detected renal mass on abdominal 
imaging for unrelated issues.” The symptomatology of RCC varies 
greatly and includes many nonspecific findings, such as fatigue, weight 
loss, fever, and anorexia.° Unusual paraneoplastic syndromes, such as 
hypercalcemia, erythrocytosis due to hypersecretion of erythropoietin, 
hypercalcemia, hepatic dysfunction, and AA type amyloidosis, have 
been associated with CRCC. With wider availability of enhanced 
imaging techniques, the incidence of asymptomatic patients with 
CRCC has increased from 10% in the early 1970s to more than 50% in 
the late 1990s. Between 25% and 33% of patients present with metas- 
tasis at the time of CRCC diagnosis, with the lung, bone, and liver 
being the most frequent sites of spread.'*"* 


Radiologic Features and Gross Pathology 
Computed tomography is the main imaging technique used for the 
evaluation of renal tumors." MRI and ultrasonography are considered 
ancillary techniques. On CT scans with contrast, CRCC shows greater 
enhancement than other histologic subtypes, with a more heteroge- 
neous appearance on imaging.'° In addition, CRCC shows increased 
attenuation of 84 Hounsfield units (HU) in the corticomedullary phase 
of CT evaluation, which can be used to differentiate CRCC from non- 
clear cell carcinomas, with a sensitivity and specificity of 74% and 
100%, respectively. With CT-guided biopsy being available in most 
institutions, the workup of a renal mass has changed considerably over 
the past few years, with hardly any tumors escaping sampling via 
CT-guided biopsy, regardless of the radiographic impression. 

MRI is rarely used in renal mass workup and is reserved for patients 
with contraindications to contrast use (e.g., allergy, pregnancy, or 
chronic kidney disease class IH or IV). MRI is useful for preoperative 
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staging, particularly for locating renal vein thrombus as well as inferior 
vena cava involvement.® Renal masses that are evaluated by ultraso- 
nography usually have a cystic component, and this imaging technique 
is used to determine which lesions represent simple cysts and which 
lesions are complex. Ultrasonography can reveal cyst wall septations 
with mural nodules, which have a high risk of harboring CRCC. Ultra- 
sound is also useful for assessing the presence and extent of renal vein 
tumor thrombus. 

Grossly, CRCCs are fairly well-circumscribed tumors, with no adja- 
cent renal parenchymal infiltration. The demarcation between the non- 
neoplastic kidney and the tumor is fairly evident on sectioning, and 
the characteristic golden yellow coloration is readily identified. Areas 
of hemorrhage and necrosis, as well as small areas of cystic change, are 
also apparent. The degree of golden yellow discoloration is highest in 
tumors that have a high lipid content. Calcification and even ossifica- 
tion are present occasionally. It should be noted that in higher-grade 
lesions, which tend to have a sarcomatoid component, the golden 
yellow areas tend to be less readily evident and may in fact be seques- 
tered to the periphery of the tumor or found only in a small nodule 
embedded within a larger fleshy, gray to tan-white fibrous-appearing 
mass (sarcomatoid component). Cortical protrusion of the tumor with 
an intact capsule is common in more than 80% of cases. Mean size at 
presentation for all stages is approximately 7 cm. Larger tumors are 
associated with a greater risk of distant spread and regional sinus fat 
and adrenal gland involvement. 


Histopathology 

The histologic heterogeneity of CRCC has led to numerous morpho- 
logic descriptors being used over the past two decades in an attempt 
to classify these tumors. Terms such as granular RCC and hyperne- 
phroma are no longer applicable. Knowledge of the full spectrum of 
morphologic features of CRCC is the first step to making the correct 
diagnosis. As the name CRCC implies, clear cells are the major histo- 
logic finding in the great majority of these tumors and are a reflection 
of the amount of lipid- and glycogen-containing cells (Figs. 12-1 and 
12-2). The low-power architectural patterns range from nested and 
alveolar patterns to solid growth patterns (Figs. 12-3 to 12-5). An 
acinar pattern can also be found, in which pseudoluminal spaces 
containing acidophilic-appearing fluid and occasional aggregates of 
red blood cells are noted (Fig. 12-6). The most common histologic 
pattern is a combination of the nested and alveolar patterns, in which 
the tumor cells grow in small nests with occasional areas of open 
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Figure 12-1. Typical clear cell RCC with distinct clear cytoplasm. 


Figure 12-2. Clear cell RCC with 
non-neoplastic renal parenchyma. 
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Figure 12-5. Clear cell RCC with a more cohe 


alveolar-type structures. A constant feature is the presence of a delicate 
vascular network that tends to demarcate the above-described nests 
of tumor cells (Figs. 12-7 and 12-8). This vascular network appears 
as a delicate anastomosing mesh of capillaries that have a “chicken 
wire” appearance or even a sinusoidal pattern (Figs. 12-9 to 12-11). 
Depending on the degree of hemorrhage or necrosis, a combination of 
microcystic and macrocystic areas may be superimposed on the above- 
described patterns. The microcystic pattern has features that overlap 
with those of the pseuodoluminal pattern, in that the cystic spaces tend 
to accumulate eosinophilic serous-type fluid. Macrocystic tumors and 
overtly cystic RCC are discussed in the following section. Areas of the 
tumor also may show distinct pseudopapillary and tubular growth 
patterns (Fig. 12-12). These patterns are rarely found exclusively, and 
a correct diagnosis of CRCC can be obtained with careful evaluation 
of the sections available, which invariably reveals the more character- 
istic areas of clear cell nested growth. Although these tumors demon- 
strate pseudopapillary growth and architecture, they should not be 
classified as papillary RCC because their behavior and cytogenetic 
basis are those of CRCC. 

Due to tissue processing, the cells with high lipid and glycogen 
content that accounted for the gross golden yellow color will have a 
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Figure 12-7. Typical clear cell RCC with nested growth pattern. Small nests of tumor 
cells are surrounded by a delicate vascular network. 
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Figure 12-9. Clear cell RCC with capillary network around tumor nests, often referred 
to as "chicken wire.” 
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Figur 
pseudoluminal spaces with acidophilic fluid and aggregates of red blood cells. Delicate 
peritumoral capillary network is present (chicken wire). 
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Figure 12-12. Case of clear cell RCC with areas of eosinophilic cytoplasm and pseu- 
dopapillary architecture. 


being more or less readily appreciated depending on the tumor grade. 


clear appearance owing to the dissolution of the cytoplasmic contents, 
which accentuate the cell border (Fig. 12-13). In higher-grade tumors, 
the cells may have more abundant eosinophilic cytoplasm (see Histo- 
logic Variants and Grading subsection). The nuclei appear round and 
uniform and, depending on the grade of the tumor, the nucleoli can 
be more readily appreciated (Figs. 12-14 and 12-15). Findings of hem- 
orrhage (Fig. 12-16) and sarcomatoid transformation, characterized by 
pleomorphic and spindle cell growth, tend to be more common in 
larger tumors (Figs. 12-17 and 12-18). Uncommon areas of ossification 
and calcification can also be found. 


Histologic Variants and Grading 

Several grading schemes have been proposed for RCCs,™™ but the 
most widely accepted and used is that proposed by Fuhrman and col- 
leagues.” The Fuhrman grading system uses a combination of nuclear 
size and nucleolar prominence in assigning a grade from 1 to 4. Low- 
grade tumors, such as grade 1 and 2 tumors, require evaluation of the 
nucleolar prominence on high magnification; in grade 3 and 4 tumors, 
the nucleolar prominence is easily identified at low magnification 
(Table 12-1). The findings of the Fuhrman grading scheme have been 
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logic, and radiologic findings, have also been shown to be useful in 
predicting outcome. 

Clear cell RCC is generally composed of cells with clear cytoplasm 
but may also contain a varying component of cells with eosinophilic 
cytoplasm (Figs. 12-19 and 12-20), although these cells may constitute 
only a small percentage of the entire population of tumor cells.” Occa- 
sionally they may constitute the predominant population, which may 
cause CRCC to be confused with the eosinophilic variant of chromo- 
phobe RCC. In the past, such tumors were referred to as granular cell 
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DT 2 « 1 si ë RCC (Fig. 12-21), but that term fell out of use more than 10 years ago. 
Sh J y 4, $ 4 The World Health Organization (WHO), in their 2004 Classification 
ay en E j” of Renal Tumors, recommended that the term granular cell RCC not 
; i E AT be used, and that these tumors should be considered from both a 
| be Sis to diagnostic and prognostic standpoint as CRCC.*7>” 

Me Se agian ; ter ae oe eee Cu s Clear cell RCC cells with eosinophilic cytoplasm may have finely 


granular cytoplasm, coarse granules resembling Paneth cells, or even 
eosinophilic globules’** (Fig. 12-22). It is important to recognize and 
document areas of tumor cells with eosinophilic cytoplasm because 


adjacent areas of tumor with higher nuclear grade (/eft) with prominent nucleoli and 
more abundant eosinophilic cytoplasm. 


deposition. the underlying nested growth pattern and delicate vasculature, which can still be identi- 
fied in this field. 
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Table 12-1. Fuhrman Grading Scheme for Clear Cell Renal Cell Carcinoma 


Grade Nuclear and Nucleolar Features 
1 Small, round uniform nuclei, usually the size of a small lymphocyte or 
<10 microns in diameter 
Nucleoli is absent or inconspicuous 
2 Larger nuclei with slight nuclear outline irregularity 
Approximately 15 microns in diameter with small nucleoli only visible 
at 400x magnification 
3 Nuclei > 20 microns in diameter with readily appreciable nuclear 
outline irregularity 
Prominent nucleoli that are easily identified at 100x magnification 
4 Same nuclear size as grade 3 but with more numerous multilobulated 


and pleomorphic nuclei with coarse chromatin pattern 
Large prominent nucleoli visible at 100x magnification 


Data from Fuhrman SA, Lasky, LC, Limas C. Prognostic significance of morphologic parameters in 
renal cell carcinoma. Am J Surg Pathol. 1982;6(7):655-663. 
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Figure 12-20. Clear cell RCC with tumor cells having eosinophilic cytoplasm with a 
“granular” appearance. 
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Figure 12-21. Clear cell RCC with diffuse tumor cells with eosinophilic “granular” - 
appearing cytoplasm. Note the nested architecture and capillary vasculature character- 
istic of CRCC. 


these tumors have a higher nuclear grade than tumors comprised of 
only clear cells.™* Also, areas of tumor cells with abundant eosino- 
philic cytoplasm can be found adjacent to areas of hemorrhage and 
necrosis (Fig. 12-23). 

An uncommon histologic variant of CRCC that is also associated 
with more aggressive biological behavior is the presence of rhabdoid 
differentiation.” These foci characteristically are limited to certain 
areas of the tumor with transition from a clear cell component. These 
tumors show areas where large tumor cells with abundant eosinophilic 
cytoplasm and large nuclei with prominent nucleoli are identified. The 
cytoplasm tends to be rounded with at times slight indentation of the 
nucleus (Fig. 12-24). The presence of a rhabdoid component has been 
reported to be associated with an adverse outcome.” ** CRCC with 
areas of rhabdoid differentiation should not be confused with the rhab- 
doid tumor of the kidney, which characteristically presents in children 
as a monomorphous neoplasm comprised of cells with distinct cell 
borders, characteristic cytoplasmic eosinophilic inclusions, vesicular 
nuclei, and prominent nucleoli.” 


Differential Diagnosis 

CRCC with abundant clear cells and a nested or alveolar growth 
pattern, together with a characteristic gross appearance, is a relatively 
straightforward diagnosis. The tumors that show more abundant 
eosinophilic cytoplasm enter into the differential diagnosis with the 
eosinophilic variant of chromophobe RCC (ChRCC). The nuclear fea- 
tures of CRCC—namely, round nuclei and fairly indiscrete nucleoli— 
contrast with the nuclear features of ChRCC (ie., wrinkled and 
koilocytic-appearing nuclei). In addition, enhanced cell border appear- 
ance readily noted at low power indicates ChRCC rather than CRCC. 
Finally, the characteristic “chicken wire” vascular network surrounding 
the tumor cells is absent in ChRCC; instead the vessels are larger and 
sparsely located around larger areas of tumor growth. 

Papillary RCC (PRCC) with areas of clear cell morphology also 
enters into the differential diagnosis. However, PRCC tend to show true 
papillary substructures with a fibrovascular stalk as compared to the 
pseudopapillary appearance sometimes found in CRCC. This pseudo- 
papillary appearance of CRCC is due to lack of vascular supply to certain 
parts of the tumor and resultant tumor cell disintegration. In addition, 
the strong expression of cytokeratin 7 (CK7) and lack of staining with 
carbonic anhydrase 9 (CA IX) are more characteristic for PRCC. 


Í i Figure 12-22. Clear cell RCC with (A and C) eosinophilic cytoplasm, and (B) eosino- 


S æ = philic globules. 


Translocation RCC is a particularly challenging differential diagno- 
sis given its overtly clear cell and papillary appearance. Translocation 
carcinoma can be distinguished from CRCC due to its prevalence in 
children and adolescents and its diffuse positive reactivity for trans- 
cription factor E3 (TFE3). 

In upper pole tumors sampled by needle core biopsy one should 
always keep in mind adrenal gland sampling. Adrenocortical tissue and 
tumors are composed of cells with centrally placed nuclei with clear to 
vacuolated cytoplasm. Adrenocortical tumors and normal adrenocor- 
tical tissue are negative for cytokeratins but are positive for inhibin. 


Ancillary Diagnostic Studies 
Immunophenotypically, a combination of epithelial membrane antigen 
(EMA), CA IX, vimentin, CD10, RCC antigen positivity, c-kit (CD117), 
parvalbumin, kidney-specific cadherin, and CK7 is an excellent 
ancillary diagnostic panel for distinguishing between ChRCC and 
B Y CRCC. CRCC demonstrates positivity for EMA, vimentin, CD10, 
—_— meee! fe 2 an z _ PAX8, PAX2, RCC antigen, and low-molecular-weight cytokeratins 
Figure 12-23. Areas of clear cell RCC with eosinophilic cytoplasm and higher nuclear (CK8/18). Stains that are typically negative include c-kit, E-cadherin, 
grade are frequently found adjacent to hemorrhage and necrosis. CK7, parvalbumin, kidney-specific cadherin, and Hale's colloidal iron. 
These findings are summarized in Table 12-2. PAX2, a transcriptional 
regulator expressed in the development of the urogenital system, is 
useful in distinguishing CRCC from metastatic tumors with clear cyto- 
plasm. PAX2 is a nuclear stain expressed in CRCC as well as other 
histologic types of RCC, albeit at varying intensities. In addition, PAX2 
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Table 12-2. Discriminating Gross, Histologic, and Immunohistochemical Features of Renal Oncocytoma, Chromophobe RCC, and Clear Cell RCC 

with Eosinophilic Cells (Eosinophilic Variant) 
Discriminating 
Feature 


Gross 


Growth pattern 


Cytologic features 


Nuclear features 


Immunohistochemical 
profile 


Renal Oncocytoma 


Well-circumscribed mahogany brown tumor 

Central scar or radiating edematous fibrous 
bands 

No evidence of hemorrhage or necrosis 


Tubulocystic architecture 
Small acini embedded in hypocellular stroma 


Homogeneous-appearing polygonal cells 
Diffuse granular-appearing eosinophilic 
cytoplasm 


Homogeneous nuclear size 
Round nuclear contours 
Binucleation is common 
Discrete prominent nucleoli 


Parvalbumin: — 
Antimitochondrial: + 
CD117: + 
B 


Vimentin: — 

EMA: — 

CD10: Variable focal staining 
CA IX: — 

Racemase (AMACR): + 


Chromophobe RCC 


Well-circumscribed beige spongy-appearing 
tumors 

No central scar 

No edema, hemorrhage, nor necrosis 


Sheetlike growth pattern 

Broad areas of tumor growth 

ntercalated broad fibrous tissue bands with 
medium-sized vasculature 


Heterogeneous tumor cells with pale and 
eosinophilic cells intermixed 

Accentuated cell borders 

Eosinophilic reticular cytoplasm with 
accentuation of cell border 

“Koilocytic” perinuclear cytoplasmic clearing 


Heterogeneous nuclei varying from round to 
wrinkled 

Hyperchromatic “raisinoid" nuclei 
Binucleation may be present 


Parvalbumin: + 
Antimitochondrial: — 
CD117: + 

BCL2: + 

Vimentin: — 

EMA: + 

CD10: Variable staining 
CA IX: — 

Racemase (AMACR): — 


Clear Cell RCC with Abundant 
Eosinophilic Cells 


Irregular contoured lesions 

Variegated appearance with central tan-brown 
areas but peripheral golden yellow discoloration 

Areas of necrosis and hemorrhage may be present 


Solid small acini 
Thin “sinusoidal” vasculature surrounding the acini 


Large areas of diffusely eosinophilic tumor cells 
Punctuated areas of clear cells 

No koilocytic change 

No accentuation of cell borders 


Heterogeneous round nuclei 
Occasional pleomorphic nuclei 
Variable presence of nucleoli 


Parvalbumin: — 
Antimitochondrial: — 
CD117: — 

BCL2: — 

Vimentin: + 

EMA: + 

CD10: + 

CA IX: + 

Racemase (AMACR): — 


staining has been observed in other normal and neoplastic processes 
(endometrium, endocervix, parathyroid carcinoma, clear cell carci- 
noma of the ovary, and papillary cystadenoma of the epididymis).**** 
PAX8 belongs to the same family of transcription factors as PAX2 and 
shows staining in almost all subtypes of RCC. Caution should be used 
when using PAX8 in the head and neck region, because thyroid and 
parathyroid carcinomas will also stain positive.” Recent antibodies to 
CA IX have been shown to be fairly specific for staining CRCC with a 


strong membranous pattern. This staining pattern, which is found in 
90% of CRCC, is not found in either PRCC or ChRCC.**”*° a-Methylacyl- 
CoA-racemase (AMACR) is reported to be positive in up to 70% 
of CRCC. 

Electron microscopy reveals ultrastructural features of CRCC that 
resemble the proximal renal tubules, including lumen formation with 
a brush border. Mitochondria are moderately increased but not to the 
extent seen in oncocytoma nor ChRCC. In addition, the cristae appear 
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unremarkable. Abundant cytoplasmic glycogen and lipid in variable 
proportions from one cell to the next is frequently observed.” 


Genetics 

It has been reported that CRCC is associated with numerous genetic 
abnormalities. The details of the genetic abnormalities seen in CRCC 
are still evolving and are beyond the scope of this text. CRCC shows 
consistent cytogenetic abnormalities affecting the short arm of chro- 
mosome 3. These changes are not limited to the hereditary forms of 
CRCC but also occur in the sporadic form of CRCC. Cytogenetic 
abnormalities are detected in 50% to 90% of CRCC and include dele- 
tions associated with the von Hippel-Lindau gene (VHL), 3p21-22, 
and 3p13-14, associated with familial RCC.***’ In more than 90% of 
CRCC, an expanded area of deletion is encountered from 3p14.2 to 
3p25, which encompasses both the VHL gene and the FHIT gene. 
Chromosome 3p deletions are observed in almost all cases of CRCC, 
including very small incidentally detected tumors, suggesting that they 
are the initial genetic event in the development of CRCC. In addition 
to alterations in the VHL gene, the gene may also be transcriptionally 
silenced by methylation. PBRM1, PI3KC, and SETD2 are other genes 
that have been reported to be important in the tumorigenesis of CRCC. 
Complex abnormalities of chromosomes 5, 17, 7, and 14 are reported 
to be late events in a sequence of malignant and sarcomatoid transfor- 
mation. Specifically, chromosome 9p loss is associated with a poor 
prognosis, and 14q loss is associated with higher grade and pathologic 
stage.“ 


Treatment and Prognosis 
Surgical resection is the principle treatment modality for primary 
CRCC, with no accepted role for either preoperative or postoperative 
systemic therapy.’ Partial nephrectomy, also known as nephron-sparing 
surgery, is considered for tumors that measure less than 4 cm and are 
amenable to partial resection on the basis of peripheral location, arte- 
rial supply, absence of contralateral kidney, bilateral or multiple renal 
tumors, and renal insufficiency. Radical nephrectomy, which may 
include the ipsilateral adrenal gland and possible regional lymph node 
dissection, is the treatment of choice for larger tumors and even for 
cases with distant metastases.° The current standard of care is to use 
systemic therapy only for metastatic disease, although a few clinical 
trials are underway in which adjuvant systemic therapy is given to 
patients who are at a higher risk of recurrence. Neoadjuvant therapy 
has been used for some patients with metastatic disease, but these again 
are patients treated within the parameters of a clinical trial. Traditional 
systemic therapy includes immunotherapy with interleukin-2 (IL-2) or 
interferon-alpha (IFN-«). IL-2 produces a response rate of only 15% 
to 20%, and only a 5% cure rate is reported, with numerous toxic 
effects. IFN-a produces a more modest survival benefit but is less toxic. 
According to updated guidelines published by the National Compre- 
hensive Cancer Network and the European Association of Urology, 
targeted agents have shown equal or better response rates than tradi- 
tional therapies in CRCC.” Targeted therapies for CRCC include tyro- 
sine kinase inhibitors directed at vascular endothelial growth factor 
(VEGF) and platelet-derived growth factor (PDGF), such as sunitinib, 
sorafenib, bevacizumab, and temsirolimus, which is directed at the 
mTOR pathway. Sunitinib is currently considered the standard of care 
and first-line treatment for metastatic, intermediate-risk CRCC.”” 

When compared to PRCC and ChRCC, CRCC has a worse prog- 
nosis.‘*“° Pathologic staging is based on the American Joint Committee 
on Cancer staging system (Box 12-1 and Table 12-3). 

Adverse prognostic factors include nodal and distant metastases, 
invasion of the inferior vena cava wall (tumor thrombus by itself does 
not necessarily indicate a worse prognosis), higher pathologic stage, 


Box 12-1. AJCC Staging Criteria for Renal Tumors 


Modified from Edge SB, Byrd DR, Compton CC, et al, eds. AJCC Cancer Staging Handbook. From 
the AJCC Cancer Staging Manual. 7th ed. Chicago: American Joint Committee on Cancer; 
2010:553. 


Table 12-3. Survival According to Histologic Subtype 


Histologic Type of 5-Year Disease-free 
Renal Carcinoma Survival Rate (%) 


10-Year Disease-free 
Survival Rate (%) 


Clear cell RCC 46-76 40-70 
Papillary RCC 50-85 46-75 
Chromophobe RCC 78-100 80-90 
RCC with sarcomatoid 22 Not documented 


dedifferentiation 


and larger tumor size. Histologic features that are currently not 
included in the staging criteria but that impact survival include tumor 
grade, presence of tumor necrosis, and sarcomatoid component. Some 
large cancer centers have integrated nomograms (Kattan, UISS, SSIGN, 
and Karakiewicz) that aggregate clinical information such as perfor- 
mance status, weight loss, hypercalcemia, and erythrocyte sedimenta- 
tion rate together with pathologic findings to predict outcome.” 

The overall 5-year survival rate for RCC is approximately 62%; 
however, in the presence of metastasis, this rate drops to 10%.°"' Local 
recurrence occurs in 20% to 40% of cases and is directly related to 
positive margin of resection.° Local recurrence typically occurs in the 
first 5 years after surgical resection. Distant tumor metastasis is directly 
related to stage at the time of resection, with a metastasis rate of 7% 
reported for T1 lesions and up to 40% for T3 lesions. Sites of metastasis 
include lung (69%), bone (43%), liver (34%), lymph node (22%), 
adrenal gland (19%), brain (7%) and, to a lesser extent, thyroid, skin, 
bladder, urethra, and pancreas.° 


235 


Practical Renal Pathology 


236 


Multilocular Cystic Renal Cell Carcinoma 


Incidence and Demographics 

On the basis of recent reports that indicate higher 5-year survival rates 
for multilocular cystic RCC (MLC-RCC) versus noncystic tumors, 
MLC-RCC is now listed as a separate histologic subtype of RCC in the 
most recent WHO classification of genitourinary tumors.'* The overall 
increase in 5-year survival, coupled with the fact that the great majority 
of MLC-RCC cases are amenable to partial nephrectomy, places this 
tumor in a category of low malignant potential, with no reported 
metastasis. MLC-RCC is an infrequent tumor, comprising between 3% 
and 6% of malignant renal tumors.“ There is a slight male preponder- 
ance (3:1). Compared to noncystic RCCs, these tumors tend to present 
at a younger age (mean age, 51 years).”” 


Localization and Clinical Manifestations 

Like noncystic RCC, MLC-RCC has no preference for the left or right 
kidney or for a particular location within the kidney. Clinical presenta- 
tion varies greatly and includes many nonspecific findings, such as 
fatigue, weight loss, fever, and anorexia. Larger tumors with multilocu- 
lar cystic structures can present with flank pain and mass effect. In one 
study 83% of patients presented with stage T1 disease and 17% with 
stage T2.“ 


Radiologic Features and Gross Pathology 

The radiographic and imaging features of cystic renal tumors are 
perhaps the most important for diagnosis. The ability to differentiate 
between a benign simple cyst, a complex multilocular cyst, and 
MLC-RCC relies largely on the Bosniak classification. Using both 
ultrasound and CT images, lesions are categorized as follows in the 
Bosniak classification. 


Category I 

Cystic lesions that measure less than 20 HU on CT; do not contain 
septations, mural nodules, or calcifications; and have an imperceptible 
wall fall into this category and are considered simple benign cysts. 


Category II 

These lesions are also benign, show minimal complicated cysts, have 
few thin septae, and may show fine calcifications or short segments of 
calcification. These lesions may show enhancement, usually measure 


cyst wall. 


more than 20 HU on unenhanced imaging, and appear homogeneous. 
These lesions are also considered benign. 


Category IIF 

Lesions with more septation and thicker and more irregular areas of 
calcification, with hyperdense and homogeneous masses, that are 
larger than 3 cm belong in this category. These lesions require follow-up 
at recommended intervals, usually every 6 or 12 months. 


Category III 

Category III lesions are indeterminate for malignancy and show thick 
walls of septae and enhancement. These lesions may be cystic CRCC 
or hemorrhagic cystic benign lesions. 


Category IV 

These lesions have all the criteria of category III lesions, in addition to 
enhancing soft tissue components, and have a high index of suspicion 
for being cystic RCC.” 

Grossly, MLC-RCC tumors are well circumscribed, with variably 
sized cysts, the majority of which contain straw-colored serous fluid. 
Some hemorrhagic cysts may be noted. Occasionally, fine strands of 
yellow discoloration may be noted in the thickened cyst wall septae, 
but more frequently, a gross discoloration is not noted. The cysts range 
in size from 0.5 to 1.5 cm; overall, the tumors have an average size at 
presentation of 5 cm. Areas of calcification and hemorrhage may be 
present. Sampling of mural nodules, areas of calcification, thickened 
septae, and solid-appearing foci is recommended to avoid underdiag- 
nosis of these lesions as benign cortical cysts. 


Histopathology 

The histologic sections of MLC-RCC reflect its gross appearance. Mul- 
tiple thin- to thick-walled cysts (Fig. 12-25) of varying sizes, which are 
lined by a single or multiple layers of cells with clear cytoplasm (Fig. 
12-26), are identified. Occasionally, aggregates or nests of clear cells 
embedded within thickened septae are also identified (Fig. 12-27). The 
septae tend to be thin and lack expansile nodules; focal calcification 
can be present.” A focal hobnail appearance of the lining cells also may 
be noted (Fig. 12-28). A constant feature of MLC-RCC is the low 
nuclear grade of the tumor cells and their deceptively bland histologic 
appearance. These features, as well as the paucity of tumor cells identi- 
fied, make the diagnosis of MLC-RCC challenging in some cases. The 
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Figure 12-26. A, MLC-RCC may have a single layer of cells lining the septae. B, Higher magnification noting single cell layer and clear cytoplasm. 
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Figure 12-27. MLC-RCC. Nests of microscopically identified clear cells are embedded in the walls of the cyst. 


majority of the cyst walls appear either fibrotic or edematous, with 
inflammation, hemorrhage, and calcification being present.” The 
current WHO classification of renal tumors stresses the point that 
tumors with expansile nodules containing carcinoma should be 
classified simply as CRCC (Fig. 12-29) and not MLC-RCC." As a 
general rule there should be no grossly visible expansile nodules in the 
septa of MLC-RCC. Other authors have suggested that solid areas 
should constitute no greater than 10% of MLC-RCC; however, this rule 
is more subjective.” 


Histologic Variants and Grading 

MLC-RCC is graded in the same way as noncystic CRCC, using the 
Fuhrman grading scheme, with its four-tiered system based on nucleoli 
(see Table 12-1). 


Differential Diagnosis 

The emphasis for differential diagnosis, first and foremost, is to not 
underdiagnose these lesions as benign complex cysts owing to a com- 
Figure 12-28. MLC-RCC. Focal hobnailing of the tumor cells. bination of inadequate sampling and aversion to the diagnosis of small 
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present in MLC-RCC. This case was reported as a clear cell RCC and not a MLC-RCC. 


microscopic foci of deceptively bland clear cells as MLC-RCC. EMA 
staining can be used to highlight small foci of CRCC in the cyst wall 
or septae. 

Necrotic CRCC with areas of cystic degeneration should not 
be considered MLC-RCC, because these lesions will behave more 
aggressively. Strictly multiloculated cystic lesions with fine to focally 
thickened septae lined by a single layer of clear cells and a paucity of 
nodules should be considered MLC-RCC. In addition, in necrotic 
CRCC with cystic degeneration the tumor cells have a higher nuclear 
grade. 

Mixed epithelial and stromal tumor (MEST) of the kidney does not 
show aggregates of clear cells. The cyst walls are characteristically more 
cellular, resembling ovarian-type stroma. The stroma of MEST show 
positive staining for estrogen and progesterone receptor markers. 

Cystic nephroma tends to have variably uniform cysts lined by 
predominantly eosinophilic cells with notable hobnailing. In MLC- 
RCC, the cells with hobnailing are a minor feature. 


Ancillary Diagnostic Studies 

MLC-RCC shows the exact same immunophenotypic pattern as 
noncystic CRCC. Tumor cells are positive for EMA, vimentin, CD10, 
PAX8 (Fig. 12-30), PAX2, RCC antigen, and low-molecular-weight 
cytokeratins (CK8/18). Stains that are typically negative include c-kit, 
E-cadherin, CK7, parvalbumin, and Hale’s colloidal iron. These find- 
ings are summarized in Table 12-2. 


Genetics 

Although some early studies suggested that distinct chromosomal 
abnormalities were present in MLC-RCC, later studies have shown that 
the characteristic chromosome 3p deletion reported in CRCC is 
present in up to 74% of MLC-RCC cases.” 


Treatment and Prognosis 

Surgical resection, preferably nephron-sparing surgery, is the treat- 
ment of choice for these indolent tumors.” Excellent outcomes have 
been reported in cases treated with partial resection. Metastatic spread 
has not been reported in strictly defined cases of MLC-RCC, and the 
survival rate at 5 years after surgery was 100% compared with 70% for 
noncystic CRCC.**°*** 
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Figure 12-30. Positive nuclear staining in cyst lining and cyst wall nests for PAX8 in 
a case of MLC-RCC. 


Papillary Renal Cell Carcinoma 


Incidence and Demographics 

Papillary RCC (PRCC) is the second most frequent renal cancer after 
CRCC. PRCC accounts for 10% to 15% of renal tumors." Distinct 
epidemiologic studies that report the exact incidence of PRCC are 
lacking because the majority of epidemiologic studies revolve around 
CRCC. The reported incidence of PRCC is less than that of CRCC, 
with a mean age at presentation of 65 years. Similar incidences for men 
and women have been reported. 


Localization and Clinical Manifestations 

No side predilection has been reported for PRCC, but at least one study 
showed a small preponderance of tumors located in the upper pole of 
the kidney. Clinical manifestations tend to be similar to those of 
CRCC, with a wide spectrum of findings that include hematuria, flank 
pain, and mass effect, as well as many nonspecific findings such as 
fatigue, weight loss, fever, and anorexia. 


Radiologic Features and Gross Pathology 

The imaging modality of choice for PRCC is CT helical imaging. The 
emphasis in imaging techniques is to separate CRCC from non-CRCC 
tumors. Some studies have shown that PRCC has unique imaging 
features that may allow differentiation from CRCC. Contrast-enhanced 
CT tends to show less enhancement of PRCC than of CRCC in all 
phases of contrast enhancement.® The difference in the degree of 
enhancement between PRCC and CRCC has been attributed to differ- 
ences in tumor vascularity. CRCC is considered to be hypervascular, 
whereas PRCC is hypovascular.* As such, imaging findings in PRCC 
are of a heterogeneous mass enhancing to a lesser degree than the 
adjacent renal cortex. 

Grossly, PRCC lesions are generally larger than 4 cm and tend to 
be well circumscribed, with a brown hemorrhagic cut surface. The 
interface with the surrounding uninvolved renal parenchyma is well 
demarcated, although it may show vascular congestion. A frequent and 
characteristic finding is the presence of hemorrhage and cystic degen- 
eration as well as frank necrosis. Depending on the type of PRCC, soft 
tan-yellow areas may or may not be present. These tumors tend to be 
extremely friable and disintegrate on sectioning. A pseudocapsule also 
may be present. Rare tumors may appear cystic, being filled with 
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hemorrhagic fluid in which the papillary structures are almost free 
floating. The most viable portion of the tumor in these cases is usually 
located at the firm periphery or in solid areas of the tumor that may 
be attached to the cyst wall. 


Histopathology 

As the name implies, PRCCs are composed of varying degrees of 
tubular and papillary architecture. A characteristic low-power finding 
is the presence of multiple tubules and/or papillae that appear to be 
free-floating, without much intervening stroma (Figs. 12-31 and 
12-32). Fibrovascular cores are present, as well as papillary excres- 
cences. Focal cystic areas lined by papillae also may be present. As 
a reflection of the gross hemorrhagic and necrotic areas identified 
macroscopically, these findings are reflected by light microscopy with 
cholesterol cleft formation as well as aggregates of foamy histiocytes 
(Figs. 12-33 and 12-34). Solid variants of PRCC tend to obscure the 
tight tubulopapillary architecture somewhat; however, the periphery of 
the tumor may show the more characteristic tubular and papillary 
architecture. Accompanying the areas of hemorrhage and necrosis are 
small hemosiderin granules and calcified concretions or psammoma 
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Figure 12-31. Papillary RCC (type 2) with tubular and papillary architecture. 
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Figure 12-33. Papillary RCC (type 2) with hemorrhage, hemosiderin deposition, and 
appearance. aggregates of foamy histiocytes. 


P 


ïe 


x 


Figure 12-34. A, Core biopsy of papillary RCC (type 1) with notable foam cells. B, Higher magnification. 
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5 P San atts 
Figure 12-35. Type 1 papillary RCC with abundant tumor papillae 
foamy macrophages. 


ra 


and numerous 


bodies. Depending on the type of PRCC, the degree of papillary archi- 
tecture and number of foam cells present vary (see section on Histo- 
logic Variants and Grading).”° 


Histologic Variants and Grading 
The Fuhrman grading scheme was validated in CRCC and is not 
required for PRCC, but most institutions use it anyway as a means of 
conveying some indication of tumor grade to the treating clinicians. 
Some novel grading schemes using nucleoli and histologic patterns 
have been published, but these have not been widely accepted.’ 
Two subtypes of PRCC have been described based on different 
histology, prognosis, and cytogenetic findings.” Type 1 PRCC histo- 
logically shows abundant tumor papillae lined by a monolayer of 
tumor cells with scant cytoplasm and prominent foamy macrophages 
within the fibrovascular cores (Figs. 12-35 to 12-38). Cholesterol clefts 
and hemorrhage are frequently identified (Fig. 12-39). Type 1 may also 
show a very compact tubulopapillary architecture in which apprecia- 
tion of the fibrovascular cores may be difficult (Figs. 12-40 and 12-41A). 
In addition, in this more “compact” pattern the characteristic foamy 
cells are virtually nonexistent (see Fig. 12-41B and C). 
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Type 2 PRCC includes tumor cells with more voluminous eosino- 
philic cytoplasm (Fig. 12-42) and prominent nucleoli, a feature that has 
led some investigators to infer that type 2 PRCCs are of a higher 
nuclear grade at presentation.” The papillae are lined by more than 
one layer of cells, and pseudostratification is frequently present (Figs. 
12-43 and 12-44). Type 2 tumors have been associated with higher 
grade and stage of disease and a worse prognosis when compared with 
type 1 tumors. Some investigators have shown that a molecular clas- 
sification based on a seven-transcript predictor can be applied to the 
majority of PRCC with subclassification into type 1 and type 2." 
However, a small subset of tumors that exhibited histologic and molec- 
ular classification features of both type 1 and 2 remained. 


Differential Diagnosis 

In most cases, the diagnosis of PRCC is straightforward. The major 

differential diagnosis is, in fact, differentiating type 1 from type 2 

PRCC. This can usually be resolved on the basis of the above histologic 
= ae i findings as well as the presence of strong (type 1) versus variable (type 

Figure 12-38. Type 1 papillary RCC with less noticeable foamy macrophages. 2) CK7 staining. Other differential diagnoses include RCCs associated 
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Foam cells can be present in type 2 papillary RCC. 


y ot Figure 12-41. Type 1 papillary RCC with compact tubulopapillary architecture. The 
Lala £2 presence of foam cells may be focal (A) to totally absent (B and C). 


with Xp11.2 translocation. These tumors tend to have abundant clear 
cell morphology as well as focal papillary architecture (Fig. 12-45). The 
clinical features of these tumors (younger patient age and advanced 
stage at presentation) as well as the presence of staining for the TFE3 
gene are important diagnostic differences that distinguish them from 
PRCC (see Chapter 14). 

Renal cell carcinoma associated with neuroblastoma has areas of 
voluminous eosinophilic cytoplasm and focal papillary architecture; 
however, the key diagnostic element is the history of neuroblastoma in 
these patients. In addition, the median age at presentation is only 13 
years. A distinct form of RCC has recently been described that is char- 
acterized by tumor cells with predominantly clear cytoplasm and dis- 
tinct papillary architecture. These tumors have distinct cytogenetic and 
prognostic features as well as immunohistochemical findings. Named 
clear cell PRCC, these tumors are discussed in the next section. 

A unique form of RCC that has a papillary architecture and distinct 
clinical implications is hereditary leiomyomatosis RCC (HLRCC). 
HLRCC is an autosomal dominant syndrome characterized by predis- 
position to leiomyomas of the skin and uterus as well as a distinct 
form of RCC.° HLRCC tumors have abundant eosinophilic cytoplasm 
with a papillary, solid, and tubulopapillary growth pattern. The tumors 
have been described as having an almost “melanoma-like” appearance 
due to very prominent nucleoli that in other reports is referred to as 
“inclusion-like” and eosinophilic. Unlike PRCC, HLRCC are negative 
for CK7 and positive for vimentin.” 
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Figure 12-45. Translocation RCCs, in addition to a papillary architecture, tend to have 
abundant clear cell features, a finding that is not common in papillary RCC. 
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Figure 12-43. Type 2 papillary RCC. A, Voluminous eosinophilic cytoplasm. B, Frequent overlap of tumor nuclei lining papillae. 


Ancillary Diagnostic Studies 
The majority of the reported staining patterns have been in type 1 
PRCC, which shows a more uniform and consistent immunoprofile. 
Type 1 PRCC shows uniform positivity for CK7, racemase (AMACR) 
(Fig. 12-46), CD10, and RCC antigen marker, with variable staining 
for pancytokeratin. Negative stains include CD117, E-cadherin, and 
parvalbumin. Type 2 PRCC shows a variable staining pattern with 
CK7, is positive for vimentin and CD10, and has variable positive 
staining for E-cadherin and AMACR. PAX2 and PAX8 are positive in 
both types of PRCC.” 

Electron microscopy findings are not specific enough to allow for 
differentiation of PRCC from CRCC. 


Genetics 

PRCCs have consistent cytogenetic abnormalities that include trisomy 
7 and 17, loss of chromosome Y, and gains of two or more of the fol- 
lowing chromosomes: 3q, 7, 8, 12, 16, 17, and 20. The most frequent 
findings are in fact trisomy 7 and 17. Deletion of chromosome 21 has 
also been reported.*”™ 
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Type 1 tumors tend to show abnormalities of the MET proto- 
oncogene, with associated trisomy 7. Type 2 PRCCs are more fre- 
quently associated with the fumarate hydratase (FH) gene, located on 
chromosome 1q42.1. Of note, approximately 50 mutations in the FH 
gene that cause HLRCC have been reported. Most of these mutations 
replace one amino acid with another amino acid in the fumarase 


enzyme. 


Treatment and Prognosis 
Surgical resection is the mainstay of treatment for PRCC. Depending 
on the tumor size and location, nephron-sparing surgery can some- 
times be performed. Second-line systemic therapy for metastatic 
disease includes targeted therapies such as sunitinib and sorafenib.®® 
Combining both type 1 and 2 PRCC and matching stage, the overall 
5-year survival rate was between 80% and 90%." Longer survival has 
been shown for type 1 PRCC compared with type 2 PRCC. In one 
study, the disease-free survival rates at 5 and 10 years for PRCC were 
82% and 68%, respectively.” In several studies, the 5- and 10-year 
survival rates for PRCC were significantly better than those for 
CRCC 12764445 


Clear Cell Papillary Renal Cell Carcinoma 


Incidence and Demographics 

This RCC type has been described only in the past few years. It was 
first reported in a study of tumors arising in kidneys affected by end- 
stage renal disease (ESRD) as a series of distinct, not previously clas- 
sified renal tumors.” Two subsets of tumors were described: acquired 
cystic disease-associated RCC and clear cell papillary RCC of end stage 
kidneys. Subsequent studies have identified tumors with similar clear 
cell morphology and papillary architecture in patients without ESRD. 
These tumors have been termed tubulopapillary RCC, clear cell papil- 
lary RCC (CcPRCC), and malignant papillary tumors with extensive 
clear cell change. > Although CcPRCC is not currently listed in the 
WHO Classification of Genitourinary Tumors,” its distinct morpho- 
logic, cytogenetic, and clinical findings warrant its designation as a 
separate entity. 


Localization and Clinical Manifestations 

Given the recent discovery of CcPRCC, its incidence and localization 
preferences have not been well delineated; however, to date there 
appears to be no side or site preference, and both men and women are 
affected equally. Tumors that arise in the setting of ESRD do, however, 
tend to be multiple and at times bilateral. All of the tumors described 
to date have presented as pT1 lesions with low nuclear grade. 


Radiologic Features and Gross Pathology 

Radiographic features of CCPRCC tumors have not been well described. 
Grossly, tumors arising in a background of ESRD may be multiple 
small nodules arising adjacent to atrophic and cystic renal paren- 
chyma. Tumors not arising in a background of ESRD have a more solid 
appearance. In one study, CcPRCC were small (mean size, 2.4 cm; 
range, 0.9-4.5 cm) and low stage (pT1).” 


Histopathology 

The histologic features of CcPRCC are unique, in that these tumors 
have an overt papillary architecture but the cytologic features of low- 
grade CRCC (Fig. 12-47). The tumor cells are cuboidal to columnar 
with clear cytoplasm and basally located small nuclei (Figs. 12-48 
and 12-49). In contrast to CRCC, however, the tumors do not have a 
delicate supporting vascular network. A notable diagnostic feature is 
that while the tumor is papillary, there are no areas of eosinophilic 
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Figure 12-47. Clear cell papillary RCC with prominent papillary architecture but distinct clear cytoplasm. 
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Figure 12-48. Tumor cells in clear cell papillary RCC are cuboidal with basally located 
nuclei. 


Figure 12-49. Clear cell papillary RCC may have a focally nested growth pattern but 
lacks the delicate vascular network of clear cell RCC. 


cytoplasm (Fig. 12-50), foam cells, or cholesterol clefts, which are com- 
monly seen in PRCC. Cystic change is also common in CcPRCC and 
may be the major histologic pattern.” 


Histologic Variants and Grading 
The tumors described to date all showed low nuclear grade (Fuhrman 
grade 1 or 2). 


Differential Diagnosis 

Because these tumors show morphologic features of both CRCC and 
PRCC, the main differential diagnosis is in excluding these two pos- 
sibilities. Despite the diffuse clear cytoplasm of these tumors, they lack 
characteristic features of CRCC, including a delicate vascular sinusoi- 
dal network and areas of characteristic solid, nested growth. PRCC 
may have areas of clear cell change; however, this tends to be focal, 
with areas of granular eosinophilic cytoplasm being present. By immu- 
nohistochemical analysis, CRCC shows positive staining for CD10 and 
negative staining for CK7 and AMACR. Except for AMACR, the 
inverse occurs with CcPRCC, which shows strong positive staining for 
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Figure 12-50. In clear cell papillary RCC, despite the papillary architecture, there are 
no areas of foam cells or eosinophilic cytoplasm. 


CK7 and negative staining for AMACR and CD10. PRCC tends to 
show similar strong positive staining for CK7; however, staining for 
AMACR also tends to be positive and results may be variable with 
CD10 (50%-80%).* Translocation RCC (Xp11.2) is another RCC that 
is also typically composed of tumor cells with clear cytoplasm and 
papillary architecture. However, these tumors are of a higher nuclear 
grade with voluminous cytoplasm that tends to be clear, along with 
foci of cells with eosinophilic cytoplasm and psammoma bodies. The 
nuclei in CcPRCC are basally located while the nuclei in translocation 
RCC (Xp11.2) are generally larger and located in the center of the cell. 
In addition, translocation carcinomas stain positive for TFE3, a finding 
not observed in any CcPRCC to date. Translocation carcinomas also 
may not express CK7. 


Ancillary Diagnostic Studies 

CcPRCC are positive for CK7, which stains with a diffuse and intense 
pattern, as well as for CA IX, while being negative for AMACR and 
TFE3.°”” CD10 may show focal positive staining, but has been reported 
to be negative in most of the published cases. 


Genetics 

Reports of the underlying cytogenetic abnormalities of CcPRCC have 
been conflicting to date. Some reports have stated that chromosome 
3p deletion, typical of CRCC, was not present in the cases reviewed. 
Furthermore, neither additions nor deletions of chromosomes 7 and 
Y were identified. Other reports found in similar-appearing tumors 
that the majority of the tumors did in fact contain 3p deletions by 
loss of heterozygosity studies, and none showed trisomy of either 
chromosome 7 or 17.* Of interest for future targeted therapies, one 
study has shown expression of HIF1 and GLUT1, markers of the HIF 
pathway activation in the absence of VHL gene alterations in CcPRCC, 
suggesting activation of the HIF pathway by non-VHL-dependent 
mechanisms.” 


Treatment and Prognosis 

Limited data exist on the treatment options for CcPRCC; however, 
surgical resection is currently the modality of choice. Based on the 
limited follow-up available, these tumors appear to have indolent bio- 
logical behavior, with no metastases reported after a 24- to 55-month 
period.* All the cases resected to date in one study were stage I 
lesions. 
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Chromophobe Renal Cell Carcinoma 


Incidence and Demographics 

Chromophobe RCC (ChRCC) is a distinct type of RCC first described 
by Thoenes and colleagues in 1985.” ChRCC represents between 5% 
and 7% of kidney tumors.”””*” It affects patients in a wide age range, 
with the mean age of presentation being in the sixth decade of life.” 
There does not appear to be a gender predilection. 


Localization and Clinical Manifestations 

The clinical presentation of ChRCC is similar to that of other RCCs, 
with a combination of flank pain, hematuria, and palpable lumbar mass 
effect reported in large tumors. However, most tumors are detected 
incidentally. In one study, up to 68% of the cases were discovered 
incidentally." Mean age at presentation is 59 years, but tumors are 
reported in patients as young as 27 years. 

There appears to be no side predilection; 8% of cases are multifocal, 
and 5% are bilateral.” The presence of multifocal and bilateral tumors 
should raise the possibility of oncocytic tumors arising as part of the 
spectrum of Birt-Hogg-Dubé syndrome (see Chapter 14). 

Fewer than 4% of these tumors present with either lymph node 
metastasis or distant organ involvement. 


Radiologic Features and Gross Pathology 

Radiographic features of ChRCC are similar to those of other RCCs. 
In more than 90% of cases, the appearance is of a solid mass that 
enhances on CT imaging. Both necrosis and calcification can be found 
in up to 30% of cases. Although it is rarely reported, ChRCC can 
have a central scar, similar to that of an oncocytoma, on imaging 
findings.”* 

Chromophobe RCCs are typically solitary, well-circumscribed, 
solid-appearing tumors. They are usually light tan to tan-brown in 
color. The tumor has a soft consistency and has been described as being 
“spongy. Gross features of CRCC—namely, areas with a golden-yellow 
coloration—are absent.’””* Tumor sizes vary greatly, and a mean size 
of 7 to 8 cm has been reported.”””*”° Rare tumors may show foci of 
necrosis and hemorrhage, most often in larger, long-standing lesions. 
A small number of cases have been reported with a central scar, similar 
to that described in oncocytomas.” 


Histopathology 

Matching their gross appearance, ChRCCs tend to be well- 
circumscribed tumors, without a delineating capsule. ChRCC on low 
magnification shows varying architectural growth patterns, the most 
frequent being a diffuse, solid sheetlike appearance with interspersed 
medium-sized blood vessels (Figs. 12-51 and 12-52). The blood 
vessels may be associated with bands of fibrous tissue (Fig. 12-53) 
randomly interspersed between the tumor cells.” Additional 
growth patterns encountered include nested, broad alveolar tubular, 
cystic and, rarely, papillary configurations.” The vascular component 
of ChRCC is unique in that it is composed predominantly of medium- 
caliber vessels rather than the small sinusoidal vessels seen in CRCC. 
Some tumors may display a tubulocystic architecture resembling renal 
oncocytoma.”"”” 

Chromophobe RCC cells have abundant flocculent cytoplasm, with 
distinct accentuation of the cell membrane. This latter feature is a 
characteristic diagnostic feature; the accentuated cell border mimics 
histologic sections of vegetable cells (Fig. 12-54). Other distinctive 
features of ChRCC are the distinctive irregular nuclear outline 
(Fig. 12-55), coarse chromatin pattern and, at times, prominent 
nucleoli (Fig. 12-56). The nuclei may at times show marked nuclear 
contour wrinkling, with perinuclear chromatin clearing imparting a 
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Figure 12-52. Chromophobe RCC with medium-sized blood vessels and accentuated 
cell borders apparent at low magnification. 
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Figure 12-53. Chromophobe RCC may show vasculature associated with fibrous 
bands. 
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Figure 12-55. Irregular nuclear outlines characteristic of chromophobe RCC. 


“koilocytic” appearance similar to that of cervical dysplasia (Fig. 
12-57). Binucleation is fairly common, but mitotic activity is rare.” 
Three cell types of ChRCC have been described: granular-appearing 
cells (type 1), granular cells with a clear perinuclear halo (type 2), and, 
most prevalent, large polygonal cells with homogeneously distributed 
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Figure 12-54. Examples of accentuated cell border in chromophobe RCC described 
as “vegetable cell” like. 
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Figure 12-56. Prominent nucleoli in chromophobe RCC. 


reticular cytoplasm (type 3).”””* Diagnostic accuracy requires recog- 
nizing a combination of the distinctly flocculent cytoplasm, accentu- 
ated cell borders, perinuclear halos, and wrinkling of the nuclear 
membrane similar to koilocytosis.” Several studies have calculated the 
frequency of the described histologic features: accentuated cell borders 
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Figure 12-57. Nuclear wrinkling and perinuclear clearing (halo) in chromophobe RCC, referred to as “koilocytic” appearance. 


(87%), a combination of hyperchromatic wrinkled nuclei (79%), and 
perinuclear halos (74%).”°’”” Necrosis and hemorrhage have been 
reported in 16% and 44% of cases, respectively. 


Histologic Variants and Grading 

At first, the diagnosis of ChRCC appeared to be straightforward 
because of its characteristic light microscopic features. However, in 
1988 Thoenes and colleagues described the eosinophilic variant of 
ChRCC, in which the majority of tumor cells had abundant eosino- 
philic cytoplasm.” This variant has histologic features that overlap with 
those of both malignant and benign kidney tumors, including renal 
oncocytoma, a benign kidney tumor, and CRCC with eosinophilic 
cells. The distinction between these tumors is discussed in the section 
on differential diagnosis.” 

The eosinophilic variant of ChRCC (Fig. 12-58) is composed almost 
exclusively of cells with eosinophilic cytoplasm (type 1 cells).*° The 
recognition of this variant and its differential diagnosis from both renal 
oncocytoma and eosinophilic variant of CRCC is paramount, given the 
prognostic implications. A nested growth pattern is most commonly 
seen in the eosinophilic variant of ChRCC, and the tumor cells have a 
finely granular cytoplasmic appearance that is evenly distributed 
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Figure 12-58. Eosinophilic variant of chromophobe RCC with nested and tubular 
growth pattern. 
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throughout the entire cytoplasm (Fig. 12-59), without perinuclear 
clearing. In about 30% of these cases, there are areas that are histologi- 
cally inseparable from renal oncocytoma. These cases should, however, 
be diagnosed as ChRCC if other areas of characteristic chromophobe 
morphology can be identified.” 

Sarcomatoid transformation has been reported in 8% of ChRCCs 
(Fig. 12-60) and documented in several small case reports and 
series.”*'* The mean age of all patients with sarcomatoid ChRCC 
reported to date is 73 years. This mean age at presentation is higher 
than that for nonsarcomatoid ChRCC, suggesting that perhaps 
sarcomatoid transformation occurs in long-standing lesions. In the 
series of cases reported by Akhtar and coworkers,” at the time of 
clinical presentation, all tumors exhibited either a locally aggressive 
growth pattern, with the sarcomatoid component extending beyond 
the renal capsule, or involvement of the major vascular hilar structures. 
In all cases, the sarcomatoid component consisted of a high-grade 
spindle cell sarcoma with frank nuclear atypia and pleomorphism 
(Fig. 12-61). 

Being aware that only the sarcomatoid component can metastasize 
to the lymph nodes can help one avoid erroneously diagnosing a 
second malignancy in a patient with sarcomatoid ChRCC. 
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Figure 12-59. Eosinophilic variant of chromophobe RCC. Note granular, evenly dis- 
tributed cytoplasm in the majority of the tumor cells with rare perinuclear clearing. 
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Figure 12-60. Chromophobe RCC with areas of sarcomatoid dedifferentiation. 


Figure 12-61. Sarcomatoid dedifferentiation in chromophobe RCC. 


Over the past several years, several novel grading schemes have 
been proposed for ChRCC. Until recently, most pathologists either did 
not assign a nuclear grade to ChRCC or assigned a Fuhrman grade. In 
most instances, the koilocytic appearance of the nuclei in ChRCC 
meant that almost all tumors had a nuclear grade of either 3 or 4 using 
the Fuhrman grading scheme, which was created and validated in 
CRCC. The recently proposed chromophobe tumor grade classifica- 
tion system takes into account the inherent nuclear atypia of ChRCC 
using a three-tiered grading scheme that relies on a combination of 
nuclear crowding, anaplasia, and sarcomatoid change* (Table 12-4). 
This grading scheme showed strong correlation between pathologic 
stage and tumor size. 


Differential Diagnosis 

The differential diagnosis of eosinophilic variant of ChRCC versus 
CRCC with abundant eosinophilic cells is a common problem. In both 
entities, the tumor cells have eosinophilic cytoplasm and areas of koilo- 
cytosis are scarce. Arriving at the correct diagnosis requires correlation 
of the gross appearance, light microscopic features, and immunohisto- 
chemical profile of the tumor. Microscopically, CRCC may be com- 
posed predominantly of cells with abundant eosinophilic cytoplasm, 
but with adequate sampling, one can almost always find foci of typical 


Table 12-4. Chromophobe Tumor Grade Proposed by Paner and Colleagues 


Chromophobe Pitfalls and 


Tumor Grade Criteria Instructions 


Perform assessment 
of tumor grade at 
10x and 40x 
magnification. 

Assess at least two 
separate areas. 

Assign the highest grade. 

Avoid double grades 
(e.g., grades 1-2). 


1 Wide range of nuclear morphology, 
including wrinkled and raisinoid 
forms without: 

Nuclear crowding 
Nuclear anaplasia 


2 Tumor contains areas of 
geographic nuclear crowding 
identified at low magnification; 
includes: 

Cellular clustering 

High nuclear-to-cytoplasmic 

density 

Nuclear-to-nuclear direct contact 
Tumor nuclei show areas of 
pleomorphism defined as: 

Size variation > threefold 

Distinct chromatin irregularities 


Assess nuclear crowding 
at 10x magnification. 


Assess nuclear-to-nuclear 
contact at 40x 
magnification. 


3 Presence of frank nuclear 
anaplasia, defined as: 
Nuclear polylobation 
Tumor giant cells 
Presence of any areas of 
sarcomatoid change 


Any tumor area showing 
these changes 
warrants a grade 
3 category. 


Data from Paner GP, Amin MB, Alvarado-Cabrero |, et al. A novel tumor grading scheme for chro- 
mophobe renal cell carcinoma: prognostic utility and comparison with Fuhrman nuclear grade. Am 
J Surg Pathol. 2010;34(9):1233-1240. 


CRCC. The characteristic nested growth pattern and sinusoidal vascu- 
lature are the most important clues to the diagnosis of CRCC. This is 
in contrast to the sheetlike growth pattern of ChRCC, which has 
fibrous bands containing medium-sized blood vessels. Immunohisto- 
chemical analysis of a panel of stains, including parvalbumin, EMA, 
vimentin, CD10, CK7, CA IX and c-kit (CD117) is an excellent ancil- 
lary diagnostic panel for distinguishing between these two entities. 
ChRCC are positive for CK7, parvalbumin and c-kit (CD117); CRCC 
are positive for vimentin, CA IX, and CD10. CA IX has been shown 
to stain CRCC in a diffuse membranous pattern,whereas ChRCC are 
negative.” Additional stains that are useful include both kidney- 
specific cadherin and E-cadherin, both of which tend to be positive in 
ChRCC and negative in CRCC (see Table 12-2). 

The pathologist should always be attentive on needle biopsy cores 
of tumors located in the upper pole to exclude normal adrenocortical 
tissue and not overdiagnose a ChRCC (Fig. 12-62). 

Ultrastructurally, the lack of densely packed mitochondria, 
microvesicles within the cytoplasm of the tumor cells, and abundant 
glycogen indicate a CRCC. For the differential diagnosis of ChRCC 
versus oncocytoma, see the section Oncocytoma. 


Ancillary Diagnostic Studies 

Hale’s colloidal iron, used in the original description and recognition 
of ChRCC, is widely reported as an ancillary diagnostic technique for 
ChRCC. In ChRCC, the staining pattern is microvacuolated and dif- 
fusely cytoplasmic.’“*’ However, at least 11% of oncocytomas have 
been found to stain with a similar pattern.® 


249 


Practical Renal Pathology 


250 


Figure 12-62. Normal adrenal gland histology. Not to be confused on needle core 
biopsy with chromophobe RCC. 


Immunohistochemical stains for CK7, CK20, parvalbumin, CD10, 
RCC antigen, EMA, vimentin, and antimitochondrial antibody have 
been reported to have varying degrees of sensitivity and specificity for 
diagnosing ChRCC.”**”** Some reports have shown that the immu- 
noprofile of EMA-positive and vimentin-negative is present in 75% to 
100% of ChRCCs.°””""”’ Staining for parvalbumin was originally 
reported to be positive, with intense nuclear and cytoplasmic staining, 
in 100% of ChRCCs”’; however, subsequent studies have not replicated 
this figure. Some authors have shown a positive predictive value for 
ChRCC in cases with the following immunoprofile: parvalbumin- 
positive, beta defensin-positive, and vimentin-negative.” c-Kit expres- 
sion by immunohistochemistry has been reported in 83% to 88% of 
ChRCCs and 71% of oncocytomas,'”'®' but not in CRCC or PRCC, 
suggesting that this immunohistochemical marker may help to dis- 
criminate between ChRCC and the eosinophilic variant of CRCC. 
Results with other immunohistochemical markers, such as CK7, 
CD10, and RCC antigen, have been widely varying, making them 
unreliable discriminators of ChaRCC.**" Kidney-specific cadherin 
and E-cadherin have been reported to be positive in 100% of ChRCC. 
CA IX is negative in ChRCC with only focal staining reported in 
perinecrotic areas.*° Racemase (AMACR) is rarely positive in ChRCC. 

On electron microscopy, ChRCC contains abundant membrane- 
bound microvesicles ranging in size from 100 to 350 nm. Diffusely 
distributed, slightly pleomorphic mitochondria, with predominantly 
tubulovesicular mitochondrial cristae, are also present and are more 
abundant in the eosinophilic variant. ?™®8%93 


Genetics 

Fluorescent in situ hybridization as well as conventional cytogenetic 
techniques reveal a wide range of heterogeneous and inconsistent 
genetic alterations in ChRCC. One of the characteristic cytogenetic 
findings in ChRCC is the loss of whole chromosomes. Losses of 
chromosomes 1, 2, 6, 10, 13, 17, and 21 have been described in 
ChRCC.’*""” ChRCC with sarcomatoid dedifferentiation has addi- 
tional complex rearrangements of the same chromosomes.’ 


Treatment and Prognosis 

The treatment of choice for ChRCC is surgery, either with nephrectomy 
or partial nephrectomy. Given the overall good prognosis of ChRCC, 
few trials for systemic therapy exist. Second-line chemotherapy usually 
reserved for CRCC may be used in cases of metastatic ChRCC. 


The overall prognosis and biological behavior of ChRCC are sig- 
nificantly more favorable than those of CRCC."“*** Shortly after the 
Heidelberg classification of kidney tumors was published, pathologists 
and clinicians noted that ChRCC had a distinctly better prognosis than 
conventional RCC.” In a series of 405 adults with kidney tumors, 
Amin and colleagues showed that the 5-year survival rate of patients 
with ChRCC was 100%, compared with 76% for CRCC." Larger and 
more recent studies have confirmed this, with the reported 5- and 
10-year survival rates for ChRCC being 78% to 100% and 80% to 90%, 
respectively. Amin and colleagues also reported that only 4% of ChRCC 
cases presented with metastasis, compared with 27% for CRCC, and 
that ChRCC tended to present at a lower stage than CRCC. These 
results confirm what many other studies have reported.*7*!°'” 
Using the nomogram developed by Memorial Sloan-Kettering Cancer 
Center, which utilizes patient symptoms, histologic type of RCC, 
tumor size, and pathologic stage as variables for predicting outcomes 
after surgery, patients with ChRCC tend to have a better prognosis than 
patients with CRCC. There appears to be no difference in outcome 
between the typical ChRCC and the eosinophilic variant, whereas in 
PRCC there does appear to be worse outcome for cases with predomi- 
nantly eosinophilic cytoplasm.“ The distribution of ChRCC by stage 
is as follows: pT1 (56%-66%), pT2 (22%-31%), and pT3 (3%). Sites of 
metastasis include supraclavicular nodes, lung, mediastinum, liver, and 
pelvic bone.” 

Histologic features associated with aggressive behavior include 
tumor size greater than 7 cm, microscopic tumor necrosis, and sarco- 
matoid differentiation. 

As with other RCCs, the presence of areas with sarcomatoid trans- 
formation adversely affects the prognosis of ChRCC.*"'°"""" Sarcoma- 
toid differentiation has been reported in approximately 2% to 6% of 
cases.”° 


Collecting Duct Carcinoma 


Incidence and Demographics 

Collecting duct carcinoma (CDC), also termed carcinoma of the col- 
lecting ducts of Bellini, makes up less than 1% of all RCCs.''*"'"* Despite 
the low incidence, prognosis is dismal, and both palliative and systemic 
treatment options are ineffective. Attempts to improve treatments by 
elucidating the pathogenesis and/or histogenesis of CDC have been 
unsuccessful to date. 


Localization and Clinical Manifestations 

A wide age range at presentation (13-80 years) has been reported, with 
a mean age at presentation of 34 years. However, the characteristic 
clinical presentation is that of an aggressive renal carcinoma in patients 
age 20 to 35, with clinical evidence of metastases at the time of 
presentation. 

Collecting duct carcinoma tumors tend to show a predilection for 
arising in the midportion of the kidney, mimicking urothelial carci- 
noma of the renal pelvis. In less than one third of cases, the tumor is 
confined to the kidney, where the clinical presentation is that of a flank 
mass, with abdominal pain, weight loss, and hematuria. Two thirds of 
cases present with metastases. 

There appears to be no side predilection, and males and females are 
affected equally. 


Radiologic Features and Gross Pathology 

Imaging findings are nonspecific, except for highlighting the location 

of the tumor, which tends to be within the medulla and pelvis. 
Grossly, CDCs typically range in size from 2 to 12 cm and are 

usually located in the midportion of the kidney, with extensive 


Epithelial Neoplasms of the Renal Cortex 


involvement of the medulla and invasion into the renal pelvis. Gross 
invasion of the renal sinus and perinephric fat is frequently observed. 
Tumors have a firm gray to tan-white appearance, with infiltrative 
borders. Satellite nodules as well as variable areas of necrosis may be 
seen. 


Histopathology 

The diagnosis of CDC is one of exclusion, reflecting both the rarity of 
the tumor and the lack of any consistent and specific markers for CDC. 
Over the years, several publications have summarized the most salient 
histologic findings for making the diagnosis of CDC.""*'*"»* It should 
be noted that although a classic description of CDC is provided here, 
the tumor rarely conforms to any single description. 

Low magnification shows a tumor with varied histologic appear- 
ance in which the predominant finding tends to be the presence of 
angulated tubular and glandular structures (Fig. 12-63) infiltrating a 
prominent desmoplastic stroma (Fig. 12-64). The background stroma 
shows varying degrees of fibrosis, desmoplasia (Fig. 12-65), and a 
prominent neutrophilic inflammatory infiltrate (Fig. 12-66). This latter 
infiltrate is frequently emphasized as a diagnostic finding (Fig. 12-67). 
Extensive infiltration into the surrounding renal parenchyma is found 


embedded in a desmoplastic stroma. 


with apparent malignant transformation of the infiltrated renal tubules 
(tubular dysplasia). Areas of cordlike growth, as well as cribriforming 
glands, can be seen. Frequently, areas of sarcomatoid differentiation are 
present (Fig. 12-68). Intratubular spread of tumor is frequent, with foci 
of CDC found separate from the main tumor mass in the renal cortex. 
The tumor nuclei are high grade (Fuhrman grade 3 or 4), with an opti- 
cally clear chromatin pattern and prominent nucleoli (Figs. 12-69 
and 12-70). Apoptosis and mitotic activity are readily identified. Other 
CDCs present with a predominant tubulopapillary configuration; 
however, a background of fibrous desmoplastic-appearing stroma is 
invariably present. Hobnail tumor nuclei also may be present.''*'’’ 


Histologic Variants and Grading 
Although not regarded as a variant of CDC, renal medullary carcinoma 
(RMC) is included in this section of the chapter to emphasize several 
features that the two diseases have in common—namely, young age at 
presentation, histologic variability, poor prognosis, and aggressive bio- 
logical behavior at the time of presentation. 

Renal medullary carcinoma is a subset of tumors that present 
almost exclusively in patients with sickle cell trait between the first and 
fourth decades of life.""°!”” 
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Figure 12-68. Sarcomatoid dedifferentiation in CDC. 
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The characteristic clinical features of almost exclusive presentation 
in African Americans with sickle cell trait in their early 30s who 
present with a large, centrally located renal mass is almost by itself 
diagnostic of this entity. Gross hematuria, flank pain, and weight loss 
are the most common clinical symptoms.'’*"* 

Imaging studies are particularly useful in the diagnosis of RMC and 
show an expansive mass lesion arising from the renal medulla, fre- 
quently with renal sinus and perinephric fat extension. In one study, 
RMC had a 3:1 predilection for the right kidney." 

Grossly, the tumors have a lobulated, rubbery, cut surface; show 
frequent areas of hemorrhage and necrosis; and have a mean size of 
7 cm. Satellite nodules are the norm. 

The morphologic spectrum overlaps with that of CDC, with several 
unique patterns (Fig. 12-71). Areas resembling yolk sac tumor of the 
testis with microcystic and glandular patterns tend to be more frequent 
(Fig. 12-72). Less-often noted patterns include a compact adenoid 
cystic appearance. Notably, both rhabdoid and squamous differentia- 
tion can be seen. Frequently, sickled erythrocytes can be found within 
the tumor blood vessels (Fig. 12-73). In all cases, a prominent stromal 
desmoplasia and inflammatory infiltrate can be found, regardless of 
the epithelial pattern. Necrosis, hemorrhage, and lymphovascular inva- 
sion are almost always present. 
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Figure 12-69. CDC tend to be adenocarcinomas with high nuclear grade. 
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medullary carcinoma: glandular features and signet ringlike cells (A) and tubular appearance (B). 
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Figure 12-73. Sickled erythrocytes are frequently found within the tumor and blood vessels. 


Renal medullary carcinoma is positive for pancytokeratin, EMA, 
and carcinoembryonic antigen." Of note is the expression of RMC for 
OCT3/4, which could represent a diagnostic pitfall, with some RMC 
being designated as metastatic germ cell tumors based on positivity of 
this marker. OCT3/4 expression is not specific to germ cell tumors and 
can be seen in the majority of RMC cases.'”” 

Prognosis is dismal, with a mean life expectancy, postsurgery, for 
all stages of approximately 15 months. Chemotherapy and radiation 
therapy are second-line therapies for patients with metastases. Time 
from diagnosis to death averages 3 months (range, 1-7 months). No 
objective responses have been reported to a wide range of chemo- 
therapy agents. 

Cytogenetic studies reveal numerous abnormalities, among which 
monosomy 11 appears to be the most common.’” Sites of distant 
spread include the lymph nodes, lungs, and liver. 


Differential Diagnosis 

Given the rarity of CDC, the diagnosis is one of exclusion, and all 
high-grade and poorly differentiated RCCs and metastatic carcinomas 
may enter into the diagnosis, depending on the histologic pattern 
encountered. However, given its location and at times tubulopapillary 


appearance, the primary consideration would be urothelial carcinoma 
of the renal pelvis. Careful evaluation of sections from the renal pelvis, 
looking for areas of urothelial carcinoma in situ as well as papillary 
urothelial carcinoma, is a valuable starting point. Urothelial carcinoma 
may have areas of tubulopapillary growth, but areas of solid-appearing, 
large cohesive nests of tumor can be found. Urothelial carcinomas are 
typically positive for p63, keratin 903, and thrombomodulin. 

Differentiating CDC from poorly differentiated CRCC and PRCC 
rests primarily on the detection of lower-grade areas of either CRCC 
or PRCC. At times, the diagnosis of exclusion is not possible, and the 
great majority of CDC end up as “unclassified RCC? If the pathologist 
is unable to exclude a CDC and reports the tumor as unclassified, it is 
imperative to make note that CDC is a possibility so that appropriate 
treatment and management options can be considered. 

Metastatic poorly differentiated adenocarcinomas are excluded on 
the basis of clinical history as well as an appropriate panel of immu- 
nohistochemistry markers. 


Ancillary Diagnostic Studies 
Few markers are specific for CDC. Ulex europaeus (Fig. 12-74), which 
basically is not available in the vast majority of pathology laboratories, 
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Figure 12-74. Positive staining for Ulex europaeus in CDC. 


has been reported to be the best positive marker for CDC. Additional 
stains that are positive include keratin 903, PAX2, PAX8, CK19, CA IX, 
and vimentin. Pertinent negative stains include CD10 and E-cadherin. 
p63 tends to be negative, but positivity has been seen in up to 14% 
of cases. 

Electron microscopy has been used primarily as a means of inves- 
tigating possible histogenesis rather than as a diagnostic tool. Ultra- 
structural findings in CDC include scant microvilli, tight junction 
complexes, and a moderate number of mitochondria. 


Genetics 

Multiple random cytogenetic abnormalities have been reported, 
including loss of heterozygosity of 1q, 6p, 8p, 13q, and 21q. None of 
these findings are consistent enough to be associated with the develop- 
ment and pathogenesis of CDC. 


Treatment and Prognosis 

The principal management strategy for CDC is nephrectomy with hilar 
lymph node dissection. Several small clinical trials exist involving cases 
with metastatic disease. Despite treatment, less than 20% of patients 
survive beyond 2 years. Metastases develop in more than 85% of 
patients; in order of frequency, the sites affected are regional lymph 
nodes, lungs, bone, and adrenal glands.’ 


Renal Cell Carcinoma, Unclassified 


The term unclassified was originally used to categorize RCCs that did 
not fit neatly into any of the then well-defined categories. Since then, 
especially over the past several years, the category of RCC, unclassified 
type, has undergone a metamorphosis. For many years, unusual forms 
of RCC that could not be classified into one of the traditionally and 
readily diagnosed histologic subtypes of RCC were placed in this cat- 
egory. This meant that “unclassified” tumors were a mixed bag of 
unusual histologic variants of CRCC, PRCC, ChRCC, and CDC, as 
well as other renal tumors whose rarity precluded them from being 
designated as a histologic subtype of RCC. As a final validation of the 
“wastebasket” status of the unclassified category, some pathologists 
included sarcomatoid RCC cases in this category. As a result, the 
incidence of unclassified cases varies substantially (between 1% and 
6%) among different institutions. Thus, unclassified cases included a 
spectrum ranging from low-grade indolent tumors to high-grade 
dedifferentiated and highly anaplastic carcinomas. 
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Figure 12-75. Chromophobe RCC with sarcomatoid dedifferentiation. 

However, since 2005 several new renal carcinoma entities, such as 
tubulocystic RCC, thyroid-like carcinoma, and CcPRCC, have been 
described. These tumors should no longer be placed in the unclassified 
category. 

In addition, it is widely encouraged and accepted that the term 
sarcomatoid RCC be abandoned and replaced by the terminology sar- 
comatoid dedifferentiation in RCC. The only RCCs with sarcomatoid 
dedifferentiation that should be designated as unclassified are those in 
which the epithelial component cannot be readily identified. As a 
result, most pathologists now recognize that sarcomatoid RCC should 
not be placed in the unclassified category and that these tumors do in 
fact represent a dedifferentiated form of any RCC. However, extracting 
sarcomatoid RCC from the unclassified category means that obtaining 
meaningful data on incidence, presentation, and treatment options is 
problematic because of their prior inclusion with other low-grade 
tumors. 


Sarcomatoid Dedifferentiation in Renal 
Cell Carcinoma 


Incidence and Demographics 

Sarcomatoid dedifferentiation in RCC (previously known as sarcoma- 
toid RCC) is defined as anaplastic transformation of any renal carci- 
noma with both a carcinomatous and a sarcomatous (mesenchymal) 
component. As such, the tumor is considered a biphasic neoplasm. The 
carcinomatous component allows for correct classification of the 
tumor before dedifferentiation, thus avoiding the unclassified designa- 
tion (Figs. 12-75 to 12-77). An example of the terminology to be used 
to describe these tumors is chromophobe RCC with sarcomatoid dedif- 
ferentiation. Under this rubric, it appears that sarcomatoid dedifferen- 
tiation has an incidence of approximately 1% to 8%")? 


Localization and Clinical Manifestations 

The localization and clinical presentation are determined by the under- 
lying histologic subtype. However, the majority (40%) of RCCs with 
sarcomatoid dedifferentiation present with high pathologic stage 
disease (pT3-pT4). There is a slight male-to-female predominance 
(2:1), and more than 40% of cases present with metastatic disease at 
the time of diagnosis. RCCs with sarcomatoid dedifferentiation have 
been reported to occur in patients over a wide age range (33-80 years), 
with a mean age at presentation of 60 years. No side or site predilection 
has been reported. 
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Figure 12-77. A, Papillary RCC with sarcomatoid dedifferentiation in top righ hand corner. B, High magnification of area with sarcomatoid dedifferentiation. 


Radiologic Features and Gross Pathology 

At the time of diagnosis, most tumors with sarcomatoid dedifferentia- 
tion appear as large (>7 cm) lesions with considerable heterogeneity 
on CT imaging. Enhancement tends to be a constant feature, as is the 
presence of extrarenal spread. 

Gross features of these tumors depend on the amount of the tumor 
that shows sarcomatoid features. The sarcomatoid component typically 
resembles that of undifferentiated retroperitoneal sarcomas, being tan 
to gray-white with a fleshy consistency. Grossly, minor areas of residual 
RCC with the features of the subtype present (e.g., areas of golden yellow 
discoloration) may be found on a background of a fibrotic-appearing 
tan-white tumor. It is important to not confuse the areas of scar forma- 
tion seen in some RCCs as sarcomatoid dedifferentiation. Areas of 
necrosis and hemorrhage may be present. The tumor most often totally 
obliterates any remaining normal renal parenchyma, and in some cases 
the adrenal gland cannot be found. Tumors have a mean size of 9.2 cm 
at presentation, with tumors as large as 23 cm being reported.''''” 


Histopathology 

The sarcomatoid component can either be the overriding histologic 
element or a focal finding. The sarcomatoid component most fre- 
quently presents as a pleomorphic spindle cell proliferation that merges 


with the carcinomatous component. This spindle cell component may 
resemble fibrosarcoma or have a more storiform pattern, with greater 
nuclear pleomorphism, that resembles so-called malignant fibrous his- 
tiocytoma (Fig. 12-78). Heterologous elements (Fig. 12-79) have been 
described, including two cases with rhabdomyosarcomatous change." 
Geographic tumor necrosis, an adverse histologic finding, is present in 
at least 20% of cases. 

In reporting these tumors it is recommended to refer to both the 
epithelial type—for example, clear, chromophobe, or papillary—along 
with the sarcomatoid dedifferentiated component. The percentage of 
the tumor showing sarcomatoid dedifferentiation is also important to 
report. An example of a suggested reporting format is as follows: CRCC 
with sarcomatoid dedifferentiation (50%). 


Histologic Variants and Grading 

Sarcomatoid dedifferentiation appears to occur more frequently in 
CRCC (5%-8% of cases) and ChRCC (8%-9%) than in PRCC (3%- 
4%).''''?! In terms of cases per incidence, it appears that both ChRCC 
and CDC are by far the tumors most frequently associated with sarco- 
matoid dedifferentiation. The sarcomatoid dedifferentiation rate has 
been reported to be 29% in one series of CDC and 11% in unclassified 
REGS! 
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Figure 12-78. Areas of sarcomatoid dedifferentiation with malignant fibrous 
histiocytoma-like appearance. 


Figure 12-79. Sarcomatoid dedifferentiation with heterologous elements (bone, 
lower right corner). 


Grading of the epithelial (carcinomatous) component does not 
affect overall survival. By definition, the presence of sarcomatoid areas 
is considered Fuhrman nuclear grade 4. 


Differential Diagnosis 

The differential diagnosis includes both benign and malignant pre- 
dominantly spindled renal tumors. Epithelioid angiomyolipoma is a 
frequent consideration, given its epithelioid, and at times pleomorphic, 
features. However, the lack of a clear underlying carcinomatous 
component, as well as the presence of thick-walled blood vessels 
admixed with adipose tissue, are important differences. In addition, 
HBM45 and melan A stains are positive, albeit at times focally, in 
angiomyolipoma. 

Primary renal sarcomas are extremely rare, and in these tumors a 
carcinomatous component is not found. The great majority of primary 
renal sarcomas are, in fact, leiomyosarcomas and have a characteristic 
fascicular growth pattern, with positivity for SMA, muscle-specific 
actin, and desmin. 

Biphasic sarcomas, such as synovial sarcoma, have focal epithelial 
areas, which may show a glandular configuration. These cases may 


require demonstration of the specific chromosomal translocation 
t(X;18)(p11;q11) for correct classification. 

Sarcomatoid or dedifferentiated urothelial carcinoma of the pelvis 
requires careful evaluation of the renal pelvic mucosa for areas of 
urothelial carcinoma in situ and more well-differentiated areas of uro- 
thelial carcinoma to aid in making the correct diagnosis. 


Ancillary Diagnostic Studies 

Highlighting the carcinomatous component is primarily based on 
demonstrating keratin positivity and possibly confirming the underly- 
ing histologic subtype. Although cytokeratin can be positive in both 
the carcinoma component and the sarcomatoid component of the 
tumor, it tends to be negative in the sarcomatoid component. The panel 
of stains used depends on the underlying morphology; for example, if 
a clear cell component is expected, EMA, vimentin, CD10, and RCC 
antigen positivity would be the preferential markers to use. 


Genetics 

Cytogenetic studies have shown multiple complex abnormalities in 
sarcomatoid areas of RCC. Some studies have suggested that aberra- 
tions of chromosome 14 may be involved in the dedifferentiation of 
renal carcinomas.**!™ 


Treatment and Prognosis 

Poor response to both immunotherapy and chemotherapy is generally 
the norm. The recent use of targeted therapy agents, including 
pazopanib, has shown disease control in a small number of cases.'” 
Other smaller series have shown response with doxorubicin and gem- 
citabine,™® and the recent use of sunitinib has resulted in a modest 
response rate.'** 

Survival rates for the entire group of tumors with sarcomatoid 
dedifferentiation is 33% at 2 years and 9% to 22% at 5 years, depending 
on the series evaluated.''’’*' Some studies have investigated whether 
the percentage of sarcomatoid dedifferentiation present affects the 
outcome or response to treatment. It appears there is no statistically 
significant difference in outcome based on the percentage of sarcoma- 
toid component present. However, the presence of necrosis does 
adversely affect the outcome and should be mentioned in the report. 
The 2-year survival rate based on the underlying histologic subtype is 
slightly better for CRCC (33%) than for ChRCC (28%). 

Distant metastasis have been reported in 66% of cases, with regional 
lymph nodes (60%), lung (11%), liver (8%), and bone (4%) being the 
most frequent sites involved. 


Tubulocystic Renal Cell Carcinoma 


Incidence and Demographics 

‘These tumors were originally described by MacLennan and coworkers 
in 1997 as a unique subset of renal tumors with a distinctive tubular 
architecture that appeared to have more indolent behavior than another 
subset of tumors (collecting duct carcinomas) with which they shared 
some morphologic similarities.” Hence, the original term was low- 
grade collecting duct carcinoma. Subsequent publications have unified 
the diagnosis of these tumors, and the preferred term is considered to 
be tubulocystic carcinoma (TCC).'°"78!”° 


Localization and Clinical Manifestations 

Under this new designation, it appears that these tumors present over 
a wide age range, with the youngest reported patient being age 34 and 
the oldest age 81. Based on the findings of a large collaborative study, 
as well as a compilation of smaller studies, there appears to be a male 
predominance of approximately 23:1.'° 
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Figure 12-80. Whole slide image of tubulocystic carcinoma demonstrating dilated 
tubular spaces and circumscribed appearance. 


a etter 
Figure 12-81. Cysts in tubulocystic carcinoma are separated by fibrotic stroma of 
varying thickness. 


More than half of the tumors present incidentally; in the remaining 
cases the clinical presentation includes pain, hematuria, or flank mass. 


Radiologic Features and Gross Pathology 
These tumors tend to be well circumscribed and involve both the 
cortex and the medulla. Tumors range in size from less than 1 cm to 
17 cm in the greatest dimension, with an average size of 4.2 cm. Necro- 
sis and hemorrhage are typically absent. The cut surface has typically 
been described as resembling bubble wrap. 


Histopathology 

The microscopic appearance is characteristic: a well-circumscribed 
tumor composed of a combination of intermediate-to-large dilated 
tubular spaces (Fig. 12-80) and a pattern that has been referred to as 
spiderweb-like.'*’ Occasional cysts measuring up to 1 cm can be found. 
The tubular spaces are separated by delicate septae or by fibrotic stroma 
(Fig. 12-81) of varying thickness and lined by a monolayer of cells with 


alow cuboidal appearance (Fig. 12-82) and modest amounts of eosino- 
philic cytoplasm (Fig. 12-83). A constant finding is the presence of 
hobnailing of the cells into the luminal spaces. Rarely, papillary struc- 
tures can be seen focally protruding into the cystic spaces. Areas of 
solid growth or desmoplasia are not found. Tumor nuclei are round 
and have an evenly dispersed chromatin pattern and variably promi- 
nent nucleoli (Fig. 12-84). In all cases described to date, the nuclear 
grade did not surpass Fuhrman grade 3. Mitotic activity is extremely 
rare or absent, as is lymphovascular invasion. '°™=13? 


Histologic Variants and Grading 

Fuhrman grading, originally described for CRCC, does not appear to 
have prognostic implications in TCC. Nevertheless, the nuclear grade 
of the tumors has been reported in all the series to date, and no cases 
of Fuhrman grade 4 have been reported. 


Differential Diagnosis 

The major differential diagnosis is determining that the lesion is in fact 
a carcinoma and not a benign neoplasm. The bland appearance of the 
nuclei, together with the well-circumscribed appearance of the tumor, 


Figure 12-82. Cyst lining in tubulocystic carcinoma is with a monolayer of cells with 
low cuboidal appearance. 


Figure 12-83. Tumor cells in tubulocystic carcinoma have modest amounts of eosino- 
philic cytoplasm and show hobnailing. 
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Figure 12-84. Tumor nuclei in tubulocystic carcinoma have evenly dispersed chroma- 
tin and variably prominent nucleoli. 


may be deceptive. However, knowledge of TCC as an entity and rec- 
ognition of the characteristic gross and histologic findings are impor- 
tant. Recognition of TCC as a carcinoma is important because at least 
10% of cases reported to date have shown metastasis. 

Other tumors with predominantly cystic appearance include MLC- 
RCC, MEST, and oncocytomas with cystic degeneration. The cysts in 
MLC-RCC are of variable size and are lined by a monolayer of clear 
cells in which hobnailing is usually focal. In addition, clusters and 
aggregates of clear cells within the septae are diagnostic of MLC-RCC. 
MEST of the kidney contains cysts separated by cellular ovarian-type 
stroma, which stains positive for estrogen and progesterone markers. 
In addition, areas of solid stromal-type growth and desmoplastic-like 
reactions differentiate MEST from TCC. Oncocytomas may show 
significant cystic change, either as part of tumor degeneration or as a 
growth variant. In these cases, the characteristic oncocytic nature of 
the tumor cells and the lack of hobnailing are cytologic features that 
indicate oncocytoma rather than TCC. Areas of solid nested oncocy- 
toma are also invariably found on additional sampling. 


Ancillary Diagnostic Studies 

TCC cells show positive staining for broad-spectrum cytokeratins 
(CK8/18), CK19, CK7, and keratin 903. Additional stains that are 
positive include AMACR (70%), CD10 (85%), and parvalbumin 
(100%).'°"°° Electron microscopy has been used, mostly to elucidate 
the cell of origin for these tumors. Ultrastructural features of TCC 
include cytologic organelles and abundant microvilli similar to those 
seen in normal proximal convoluted tubules of the kidney. Abundant 
mitochondria are also present. 


Genetics 

The designation of TCC is based predominantly on the fact that these 
tumors do not show biological or genetic findings similar to those of 
collecting duct carcinomas.'** Studies have shown that at least 80% of 
TCCs have gains in chromosomes 7 and 17 and loss of chromosome 
Y. Interestingly, these latter cytogenetic changes are highly associated 
with PRCC, but the relationship between these two tumors remains to 
be elucidated.'*"° 


Treatment and Prognosis 
The treatment of choice for TCC is surgical resection. In the largest 
series reported to date, partial nephrectomy was performed in 55% of 


the cases, and radical nephrectomy was reported in 65%. The vast 
majority of tumors (70%- 80%) present as pT1 lesions, and a minority 
(20%) present as pT2 or pT3 lesions. Only two cases of distant metas- 
tasis have been reported, and both of these cases were designated as 
having “clear cell change.” The sites of distant metastases recorded were 
bone and liver. The remaining cases have not shown metastases to date, 
with a median follow-up of 56 months. Counting the two cases with 
clear cell change and subsequent metastasis as valid TCC cases, the rate 
of distant metastasis is approximately 10%.'°""° 


Thyroid-like Follicular Carcinoma of the Kidney 


Incidence and Demographics 

Thyroid-like follicular carcinoma of the kidney is a recently reported 
rare variant of RCC that, as its name implies, has a striking resem- 
blance to follicular carcinoma of the thyroid. This entity is not recog- 
nized in the current WHO classification of genitourinary tumors, but 
its distinct histologic features warrant its separation from the RCC, 
unclassified, category. 


Localization and Clinical Manifestations 

Most cases are incidental findings and are confined to the kidney at 
the time of diagnosis. There are, however, reported cases of distant 
metastases.'**'** Clinical presentation includes hematuria and flank 
pain, but many diagnoses are the result of incidental imaging findings. 
There is no gender predilection, with reports showing approximately 
the same incidence in males and females. In the largest series described 
to date, all the tumors were unifocal.’ 


Radiologic Features and Gross Pathology 

Imaging shows small, well-circumscribed, nonenhancing tumors of 
the kidney. Grossly, the tumors are well circumscribed and range in 
size from 1.9 to 4 cm. The cut surface is homogeneous, with a dark 
brown discoloration. Neither hemorrhage nor necrosis is found. 


Histopathology 

All the tumors appear well circumscribed, with a thin but appreciable 
fibrous capsule. On low magnification, the tumors have a striking 
microfollicular and macrofollicular architectural pattern reminiscent 
of follicular lesions of the thyroid (Fig. 12-85). In addition, the pres- 
ence of inspissated colloid-like material within the follicle spaces 


Figure 12-85. Thyroid-like follicular carcinoma of the kidney. Low power magnifica- 
tion noting macrofollicular and microfollicular architectural pattern. 
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Figure 12-86. Thyroid-like follicular carcinoma of the kidney. High magnification 
demonstrating round nuclei and open chromatin. 
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completes the resemblance to follicular thyroid tissue.’**""° Areas with 
more complex growth patterns, including papillary differentiation, 
have been described.” Tumors have an exclusively follicular appear- 
ance, with areas of clear cell change, necrosis, and/or lymphovascular 
invasion not present. Mitotic activity is scant to nonexistent. 

The nuclei are predominantly round, with an open and uniform 
chromatin pattern, and nucleoli tend to be inconspicuous (Fig. 12-86). 


Histologic Variants and Grading 

While the Fuhrman nuclear grading scheme applies primarily to 
CRCC, it is used in almost all RCCs as a means of imparting a nuclear 
grade and assessing the potential for aggressive biological behavior. In 
all of the reports to date, the nuclear features of thyroid-like follicular 
carcinoma of the kidney have been categorized as Fuhrman grade 2. 


Differential Diagnosis 

The primary differential diagnosis is metastatic follicular carcinoma of 
the thyroid. Given the histologic appearance of macrofollicles and 
microfollicles with colloid-like material, entertaining the possibility of 
a thyroid metastasis is entirely plausible. However, the lack of any 
primary thyroid lesion, as well as negative staining with thyroid- 
specific markers (TTF1 and thyroglobulin), help in making the correct 
diagnosis. 

Primary neuroendocrine tumors of the kidney, such as carcinoid 
tumors, are rare and may show focal areas of follicle-like differentiation 
with colloid-like material. However, in carcinoid tumors, the areas of 
follicular architecture are small compared to the more characteristic 
areas of insular growth pattern. Finally, both chromogranin and syn- 
aptophysin are positive in carcinoid tumors and negative in follicular- 
like carcinomas of the kidney. 

A rare and highly unlikely possibility, but one to be considered in 
female patients, is a metastasis from ovarian teratoma that harbors 
struma ovarii. Struma ovarii is the presence of benign thyroid-like 
tissue in a mature teratoma. In approximately 10% of cases, this thyroid 
tissue can be malignant; of these, 5% can metastasize to the liver and 
peritoneum. The differential in this case requires careful evaluation of 
the patient’s clinical history, and again, negative results are expected 
on staining with both TTF1 and thyroglobulin. 


Figure 12-87. Thyroid-like follicular carcinoma of the kidney metastatic to lymph 
node. 


Ancillary Diagnostic Studies 

Thyroid-like follicular carcinoma cells are positive for CK7 and CK20, 
with pertinent negative staining for thyroglobulin and TTF1. Addi- 
tional markers that are also negative include RCC antigen, CD10, 
WT1, AMACR, and vimentin.'* One case report has shown positive 
staining for PAX2 and PAX8.'* 


Genetics 

Varying genetic abnormalities have been described, some of which are 
conflicting, which is probably a reflection of the paucity of cases 
described to date. One study reported chromosomal gains of 7q36, 
8q24, 12, 16, 17, 19q, 20q, 21q, and Xp, with losses of 1p36-3 and 9q21- 
33.'°° In contrast, another report indicated losses of chromosomes 1, 
3, 7, 9p21, 12, 17, and X.'* 


Treatment and Prognosis 

Surgical resection is the treatment of choice once these tumors are 
detected. Despite their relatively small size and incidental clinical pre- 
sentation, metastasis to the lungs and hilar lymph nodes (Fig. 12-87) 
has been reported.'** Of special note is the fact that the metastases 
showed distinct follicular architecture, with colloid-like material, high- 
lighting the possible misdiagnosis as metastatic thyroid cancer. All 
patients studied to date are alive and disease-free after follow-up 
(range, 7-84 months; mean, 48 months). In addition, no subsequent 
thyroid carcinomas have been detected in any of the patients during 
the follow-up period. 


Papillary (Renal) Adenoma 


Incidence and Demographics 

Most studies citing the incidence of papillary renal adenoma (PRA) are 
based on autopsy studies, a testament to the fact that in the vast major- 
ity of cases, this tumor is an incidental finding. In autopsy series, the 
incidence is 10% to 40%, depending on age and the study cited." 
The incidence is higher in nephrectomy specimens that already contain 
a RCC." Most patients in the literature are reported to be older than 
age 70, which again, is an indication of autopsy studies rather than true 
age at presentation. 


Epithelial Neoplasms of the Renal Cortex 


Localization and Clinical Manifestations 

PRA lesions, by definition, arise in the renal cortex and measure less 
than 5 mm, with a mean size of approximately 2 mm. Most cases are 
incidental solitary findings, but multiple adenomas can be found in 
the setting of solitary PRCCs. Cases of bilateral adenomas have 
been reported. Because the tumors are incidental findings, the clinical 
presentation is nonspecific. 


Radiologic Features and Gross Pathology 
There is little published on the radiologic and imaging findings of PRA, 
because most are incidental findings. However, ultrasound of adeno- 
mas shows small homogeneous lesions based in the cortex with low 
echogenicity. The lesions may show increased vascularity.'*° 

Grossly, small yellow to tan-white nodules measuring less than 
5 mm are identified in the renal cortex. The tumors tend to be fairly 
well circumscribed, with some tumors having a wedge or oval shape. 
The average size is 2 mm. Most are located just under the renal capsule 
and may be seen grossly as tiny yellow to tan-gray spots. 


Histopathology 

By definition, PRAs are papillary renal neoplasms that measure less 
than 5 mm, have a tubulopapillary architecture, and are of low 
Fuhrman nuclear grade (grade 1 or 2). Tumors larger than 5 mm 
should be considered as papillary renal carcinomas. The low-power 
appearance is that of a tubulopapillary neoplasm with a predominantly 
sharp interface between the tumor and the renal cortex (Fig. 12-88). 
However, areas of tumor “spillage” into the adjacent cortex (Fig. 12-89) 
are invariably seen on one edge of the tumor. The tumor nuclei show 
characteristic grooving, with low nuclear grade and inconspicuous 
nucleoli (Fig. 12-90). The cytoplasm is scant and eosinophilic. Mitoses 
and necrosis are absent. Both psammoma bodies and aggregates of 
foam cells can be seen. 


Differential Diagnosis 

The main diagnostic consideration is PRCC. An arbitrary cut-off size 
distinguishing any tumors greater than 5 mm as carcinomas was pro- 
posed and accepted by the consensus meeting held jointly in 1997 by 
the Union Internationale Contre le Cancer and the American Joint 
Committee on Cancer.” PRA have a low Fuhrman nuclear grade 
(grade 1 or 2) compared to RCC. 


between tumor and non-neoplastic cortex. 
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Figure 12-89. Papillary adenomas may show “spillage” into the adjacent cortex. 
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Figure 12-90. Papillary adenoma. Nuclei show grooving and have low nuclear grade. 


Metanephric adenomas lack a distinct papillary architecture and 
have a characteristically tight cohesive cellular appearance, with a vari- 
ably hyalinized stroma, and the papillae frequently form glomeruloid 
structures. 

Of importance is the finding of papillary adenoma at the margin of 
a partial nephrectomy specimen when excising a primary PRCC. In 
these cases, it can be practically impossible at the time of frozen section 
analysis to determine if the area is an adenoma or an extension of the 
underlying papillary carcinoma. In our experience, an additional small 
margin usually resolves the issue; if it is an adenoma, the lesion is not 
present on the new margin, and if it is indeed a carcinoma, the lesion 
reappears. 


Ancillary Diagnostic Studies 
PRAs show the same immunophenotype as PRCC. Tumor cells show 
strong positive staining for CK7 and AMACR. 


Genetics 

PRAs show the same cytogenetic abnormalities as PRCC. Several 
studies have shown a loss of chromosome Y and gains of chromosomes 
7 and 17 in PRA. 
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Treatment and Prognosis 
Most tumors are resected incidentally as part of a distinct renal pathol- 
ogy. The lesions are benign. 


Renal Oncocytoma 


Incidence and Demographics 

Renal oncocytoma is a benign renal epithelial neoplasm that was, 
perhaps, first described by Zippel in 1942.'® It was not until 1976 that 
Klein and Valensi demonstrated its benign nature in a series of 13 
cases.'“* Renal oncocytomas constitute 3% to 5% of all primary epithe- 
lial neoplasms of the adult kidney.” Surgical pathology series report a 
wide age distribution (25-90 years), with a mean age at presentation 
of 65 to 67 years.”’**"° There appears to be no gender predilection, 
with an almost 1: 1 male-to-female ratio reported, except for one study 
that reported a slight male predominance.” 


Localization and Clinical Manifestations 

In approximately 7% to 13% of patients, the tumors are multifocal’**; 
in a smaller percentage of cases (3%-5%), they may be bilateral.'**'” 
The latter circumstance usually arises in the setting of renal oncocyto- 
sis or in patients with Birt-Hogg-Dubé syndrome.’ 


Radiologic Features and Gross Pathology 

Radiographically, a central scar is present on imaging findings in more 
than one third of oncocytoma cases. However, other histologic sub- 
types of RCC can also present with a central scar on imaging; therefore, 
this finding, while helpful, is not specific.’ Additional imaging tech- 
niques, such as MRI and spiral CT, are sometimes used to characterize 
solitary renal mass lesions that do not have a central scar. On MRI 
segmental enhancement, inversion with a higher intralesional compo- 
nent and brisk homogeneous enhancement appears to be more 
common in oncocytomas.” 

Renal oncocytomas present grossly as well-circumscribed homoge- 
neous lesions, often with a central scarred area.’ Areas of cystic 
degeneration and hemorrhage are not common features. The color is 
often uniform and has been described as mahogany brown. Depending 
on the presence or absence of hemorrhage, they may be more red than 
brown. The tumors can be fairly large at the time of presentation, 
measuring up to 20 cm in the greatest dimension. The median size is 
4 to 5 cm." In rare cases, there may be gross involvement of peri- 
nephric fat; however, this “atypical feature” in renal oncocytoma does 
not appear to convey a malignant prognosis.°*'* 


Histopathology 
Histologically, the tumor cells are frequently arranged in solid nests, 
tubules, and acini of variable size, which are embedded within a 
hypocellular hyalinized or myxoid stroma (Figs. 12-91 and 12-92). At 
times, the tumor acini may take on a more tubulocystic appearance 
(Fig. 12-93). In one study, the tubulocystic appearance was the most 
common, being present in 58% of the tumors.” At higher magnifica- 
tion, the tumor cells are relatively uniform (Fig. 12-94). The classic 
oncocyte has a polygonal to round shape, with a moderate to abundant 
amount of finely granular eosinophilic cytoplasm and a small round 
uniform nucleus (Fig. 12-95) with evenly dispersed chromatin. 414$ 
Small, centrally placed basophilic nucleoli are present in most cells.” 
Binucleation of tumor cells is a histologic feature that is often over- 
looked but has been reported in more than half of the renal oncocyto- 
mas in one study.” 

Occasionally (15%-30% of tumors), scattered foci of cells with 
scant cytoplasm and slightly enlarged hyperchromatic nuclei with 
increased nuclear-to-cytoplasmic ratio are present (Fig. 12-96). The 
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contain foamy histiocytes and cholesterol clefts. 
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Figure 12-94. Oncocytoma with uniform tumor cells and evenly distributed eosino- 
philic cytoplasm. 
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Figure 12-95. Oncocytoma tumor nuclei are round and uniform with centrally placed 
basophilic nucleoli. 
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focal nature of these cells, as well as the gradual transition toward more 
“typical’-appearing oncocytes, should reassure the pathologist that 
these are oncoblasts or, as some authors prefer, immature oncocytes.'° 
These oncoblasts do not have any malignant connotation. Clusters of 
cells with bizarre pleomorphic nuclei are common in oncocytoma and 
can be found scattered in several sections. These pleomorphic and 
bizarre cells do not represent any malignancy nor are they indicative 
of aggressive behavior (Fig. 12-97). Foci of bone and calcification can 
be seen in oncocytoma (Fig. 12-98). Rare mitoses may be present but 
are usually hard to find. The presence of numerous mitoses or atypical 
mitoses should raise a red flag, because these are more likely to be seen 
in RCC. Rarely, microscopic foci of hemorrhage and necrosis may be 
identified. However, abundant necrosis should caution against the 
diagnosis of renal oncocytoma. Occasional tumors may show invasion 
of the perinephric fat and invasion of small blood vessels, which are 
permissible “atypical features.’ These atypical features, like those 
mentioned above, do not appear to convey a malignant prognosis.” 
Atypical features that should alert the pathologist against rendering a 
diagnosis of oncocytoma include gross involvement of the renal vein, 
gross or prominent tumor necrosis, extensive papillary architecture, 
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Figure 12-96. Oncoblasts (lower part of photomicrograph) with hyperchromatic 
nuclei and high nuclear-to-cytoplasmic ratio. 
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Figure 12-97. Spectrum of cells with pleomorphic nuclei and smudged chromatin that can be found in oncocytoma. 


263 


Practical Renal Pathology 


264 


foci of clear cell carcinoma, sarcomatoid dedifferentiation, and fre- 
quent or atypical mitoses. 


Histologic Variants and Grading 

Approximately 30 cases of bilateral, multifocal, and synchronous renal 
oncocytoma have been reported.**'*7"*""*? Warfel and Eble first defined 
oncocytomatosis as a condition in which both kidneys contained 
numerous oncocytomas.'” Later, the term renal oncocytosis was pro- 
posed by Tickoo and associates” to indicate the wide range of onco- 
cytic changes seen in these patients, including oncocytic cortical cysts 
present in the surrounding non-neoplastic kidney. Tickoo and associ- 
ates regarded renal oncocytosis as a more encompassing term that 
would embrace a group of oncocytomas that were multifocal and dem- 
onstrated a range of oncocytic changes in the kidney, including 
ChRCC. Reviewing the case reports and small series published to date, 
it would appear that renal oncocytosis occurs in 6% to 7% of resected 
oncocytomas.'*”!**'*° Both macroscopically and microscopically, these 
tumors have features identical to those described for oncocytoma, with 
the exception being that there are multiple tumor masses, either uni- 
lateral or bilateral. Microscopically, renal oncocytosis demonstrates 
histologic features diagnostic of oncocytoma, with areas of oncocytic 
change “drifting off” into the adjacent non-neoplastic renal paren- 
chyma, often in the form of renal cysts.'” At times, there is an admix- 
ture, with a ChRCC or, less frequently, a CRCC. Such tumors have been 
designated by some as hybrid tumors, a concept that is not universally 
accepted.'” The presence of a hybrid-appearing tumor with multiple 
renal oncocytomas should also alert the pathologist to the possibility 
of a patient with Birt-Hogg-Dubé syndrome.“ 


Differential Diagnosis 

Renal oncocytoma versus the eosinophilic variant of ChRCC is an 
infrequent, yet important, differential diagnosis, because ChRCC has 
metastatic potential and renal oncocytoma is a benign tumor. One of 
the more important discriminating features of these two tumors is their 
nuclear characteristics.” At the light microscopic level, the presence of 
slight nuclear pleomorphism, perinuclear halos, and wrinkled nuclear 
contours all argue in favor of ChRCC.%”**"*° In addition, the lack of 
a granular appearance to the cytoplasm, with a homogeneous distribu- 
tion, again argues in favor of ChRCC. Immunohistochemically, there 
are subtle differences between the two entities; parvalbumin and anti- 
mitochondrial antibodies are excellent markers for ChRCC and renal 
oncocytoma, respectively. Hale’s colloidal iron continues to be 
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Figure 12-98. Oncocytomas may contain foci of bone (A) and calcification (B). 
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Figure 12-99. Example of an oncocytic renal tumor that is difficult to further classify. 
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a useful histochemical stain; however, at least 11% of oncocytomas 
are found to stain with a pattern identical to that for ChRCC.*”* 
CK7 has been reported to be useful in this differential diagnosis, 
but must be used with caution, because it tends to be diffusely positive 
in ChRCC but may be only focally positive in renal oncocytoma. The 
light microscopic and immunohistochemical features useful for practi- 
cally discriminating between these two tumors are summarized in 
Table 12-2. 

Finally even in the hands of the most expert renal pathologists, 
there still exists a small subset of renal oncocytic tumors that, based 
on morphologic and immunohistochemical features, cannot be further 
subclassified. This covers the spectrum of hybrid renal oncocytic 
tumors as well as those resected tumors in which the differential 
between an oncocytoma and an RCC with oncocytic features is not 
possible. We report these types of tumors as oncocytic renal neoplasm 
and describe the histologic features present, noting that the biological 
behavior remains unknown; appropriate clinical follow-up is recom- 
mended (Figs. 12-99 and 12-100). 


Ancillary Diagnostic Studies 
Hale's colloidal iron is a histochemical stain that is widely used for 
differentiating renal oncocytoma from the eosinophilic variant of 
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ChRCC. There are certain limitations to the use of this stain: first, the 
staining quality is technique dependent, and second, the interpretation 
is based on the staining pattern. In oncocytoma, the staining pattern 
tends to be apically accentuated, whereas in ChRCC, the pattern is 
more microvacuolated and diffusely cytoplasmic.*”** However, in one 
study, at least 11% of oncocytomas were reported to stain with a 
ChRCC pattern. 

Many immunohistochemical stains have been used to exclude renal 
oncocytoma and favor the diagnosis of an RCC. An excellent marker 
for excluding oncocytoma is the cytosolic calcium-binding protein 
parvalbumin. Parvalbumin staining has been reported to be negative 
in renal oncocytoma and positive in 92% to 100% of ChRCCs, with 
intense cytoplasmic and nuclear staining.” In terms of positive 
markers for renal oncocytoma, the most practical is the antimitochon- 
drial antibody (clone 113-1). This antibody shows an intense, diffuse, 
granular staining pattern in 83% of oncocytomas that is easily dis- 
criminated from the staining pattern noted in ChRCC, which is granu- 
lar with accentuation around the nucleus.” 

Recently, a study identified staining for the Ron proto-oncogene 
product (a tyrosine kinase receptor) exclusively in oncocytomas and 
also found staining of bcl-2, which was not detected in any RCC, in 18 
of 18 oncocytomas.’** These results have been questioned in part by 
another larger study that showed almost equal distribution of Ron 
proto-oncogene staining in ChRCC and oncocytoma.'*” Some authors 
have proposed that the majority of renal oncocytomas are negative for 
CK7, unlike the great majority of ChRCCs that have been studied.”™ 
However, studies by Wu and colleagues and Abrahams and colleagues 
showed that at least 25% to 60% of oncocytomas stain positive for 
CK7.”’”* Other keratin subtypes found to be positive in oncocytoma 
include CK20, and CK8 and CK18 show perinuclear, or “dotlike,” stain- 
ing in 11% and 66% of cases, respectively.°'” 

Oncocytomas tend to be negative for CA IX, RCC antibody, and 
racemase (AMACR). 

By electron microscopy, a tumor is considered renal oncocytoma if 
the cytoplasm has abundant mitochondria with lamellar cristae and 
lacks features of ChRCC.’** Ultrastructurally, the presence of numer- 
ous cytoplasmic vesicles ranging in size from 160 to 300 nm as well as 
tubulovesicular mitochondrial cristae and the paucity of glycogen par- 
ticles, hyaline globules, and microvilli are in keeping with a diagnosis 
of CHREG 7103100161 


Genetics 

At the molecular level, renal oncocytomas have frequently been found 
to have alterations of chromosomes 1, Y, and 14’°”'®*'® and recurrent 
chromosomal translocations t(5;11) and t(9;11).’°*"°° Subsequently, 
from a cytogenetic standpoint, renal oncocytoma has been divided into 
three groups: those with loss of chromosome 1 and Y, those with 
translocations involving chromosome 11, and those with either no 
translocations or multiple heterogeneous abnormalities.” 


Treatment and Prognosis 

At the present time, renal oncocytoma is considered a benign tumor. 
The benign nature of oncocytomas can be discerned from prior large 
series.'**“° In the three largest series of oncocytomas, a total of 316 
cases were presented with detailed morphologic descriptions.” In 
terms of prognosis and disease outcome, the authors of these three 
studies also provided follow-up information on the great majority of 
patients. In the series from the Armed Forces Institute of Pathology 
(AFIP), 188 cases of renal oncocytoma were reviewed, with follow-up 
information available for 166 patients.'* None of the patients in the 
AFIP series presented with or had subsequent metastasis or recur- 
rences in the follow-up period (mean, 7 years). In the series by Perez- 
Ordonez and others from Memorial Sloan-Kettering Cancer Center, 
70 cases of oncocytoma were reported. Of these 70 patients, 62 were 
alive with no evidence of recurrent disease, 6 died from causes unre- 
lated to the renal neoplasm, and 2 were reported as having metastatic 
disease (mean follow-up, 58 months).'*° Of the 2 cases of presumed 
metastatic oncocytoma, 1 had no documented pathology, the diagnosis 
being made on the basis of a CT scan. The second patient underwent 
a liver biopsy, but it was illustrated with only a low-magnification 
photomicrograph in which the nuclear and cytologic features were not 
easily discernible. In the series from Amin and colleagues, follow-up 
information was available for 69 of the 80 patients studied, and none 
of these patients had recurrences, metastatic disease, or death due to 
the tumor.” 

In a series of 138 cases of renal oncocytoma reported by Dechet 
and coworkers, 12 were bilateral and 8 were multifocal.” Of the 12 
bilateral oncocytoma cases, 5 had associated CRCC.'” In terms of 
follow-up, the oncocytomas behaved in a benign fashion, with no 
deaths due to tumor (mean follow-up, 41 months); however, 6 cases 
developed metachronous oncocytoma during the follow-up period 
(mean time for development of the second tumor was 9.5 years). Of 
the cases that presented with synchronous CRCC, 2 patients had recur- 
rent RCC within 1 and 5 years of initial resection. The results of the 
series by Dechet and coworkers bring to light two important points. 
First, metachronous oncocytoma may develop many years after the 
initial resection. Second, the presence of a hybrid tumor—RCC and 
oncocytoma—alters the prognosis of the lesion, and this should be 
conveyed to the clinician and patient. 

In summary, bilateral and multifocal oncocytomas do not appear 
to impart a worse prognosis than solitary tumors. Metachronous 
oncocytomas may arise up to 9 years after the initial oncocytoma 
was diagnosed and excised. The coexistence in the same or contralat- 
eral kidney of RCC obviously imparts a malignant prognosis to 
these cases. 
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Angiomyolipoma 

Renal angiomyolipoma (RAML), the most common mesenchymal 
tumor of the kidney, is characterized by the presence of a variable 
mixture of mature adipose tissue, blood vessels, and smooth muscle.! 
In the past, it was considered to be either a hamartoma or choristoma 
rather than a true neoplasm, but the description of malignancy in these 
tumors and the presence of a variety of cytogenetic abnormalities argue 
for its neoplastic nature.’ The vast majority of RAMLs are benign 
tumors, but rare cases are malignant, with distant metastasis. 


Incidence and Demographics 

RAMLs account for approximately 1% of surgically removed renal 
tumors. From 50% to 79% of RAML cases are sporadic, and the 
remaining 30% to 50% of cases are associated with tuberous sclerosis. 
It is estimated that approximately 80% of patients with the severe form 
of tuberous sclerosis have RAMLs.° The incidence is on the increase, 
largely owing to detection of RAML in ultrasonographic examinations 
performed to evaluate other, unrelated conditions.’ Patients with 
TSC2/PKD1 contiguous gene syndrome have also been shown to have 
an increased incidence of renal RAML.° RAML not related to tuberous 


sclerosis is four times more predominant in women; there is no appar- 
ent gender predilection in tuberous sclerosis-related cases. The mean 
age at diagnosis is between 45 and 55 years for patients without tuber- 
ous sclerosis and 25 and 35 years for those with tuberous sclerosis. No 
racial predilection has been demonstrated. Patients with tuberous 
sclerosis-associated RAMLs tend to present at a younger age, have 
a higher incidence of bilateral renal involvement, and are more 
symptomatic.° 


Localization and Clinical Manifestations 

RAML may arise in the cortex or medulla of the kidney. Extrarenal 
growth in the peritoneum, with or without renal attachment, may also 
occur.’ RAML has a strong association with tuberous sclerosis, but may 
be observed in other hereditary disorders, including von Recklinghau- 
sen disease, von Hippel-Lindau disease, and adult polycystic kidney 
disease. The clinical features differ, depending on the presence or 
absence of tuberous sclerosis.° The simultaneous occurrence of renal 
cell carcinoma (RCC) and renal oncocytoma in the same kidney has 
also been reported.*” 

The majority of patients presenting with RAML are asymptom- 
atic'’"'; increasingly, patients are incidentally found to have RAML 
during workup of other diseases or conditions. Symptomatic patients 
most often present with flank or abdominal pain or a mass palpable 
on physical examination. Other symptoms include hemorrhage, which 
is seen in approximately one third of symptomatic patients, and hema- 
turia, which is seen in about one fourth of symptomatic patients.° 
Severe spontaneous hemorrhage as the initial presentation has also 
been reported, especially for tumors measuring greater than 4 cm." 
RAML has been reported to be associated with lymphangioleiomyo- 
matosis (LAM),*"* a hamartoma that predominantly involves the pul- 
monary interstitium and occurs almost exclusively in young females. 
LAM has long been suspected to be related to both RAML and tuber- 
ous sclerosis.'*!° Studies comparing the morphologic and immuno- 
phenotypic profile of RAML and LAM have demonstrated that the 
smooth-muscle components of these entities share similar features.'” 


Radiologic Features 
Preoperative diagnosis of these lesions has become increasingly more 
common because of the advent of CT. The high fat content that may 
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be present in some cases of RAML is responsible for their distinctive 
pattern on CT scans. Tumors with a low fat content or in which the fat 
is obscured by blood may be difficult to diagnose radiologically. Thin- 
section, noncontrast CT increases the spatial and density resolution 
and decreases the volume averaging, improving the sensitivity for 
detecting fat in the lesion. Ultrasonography provides a good initial 
screening evaluation for RAML, particularly for children and pregnant 
women, in whom radiation exposure is a concern. '®"? RAMLs typically 
appear as hyperechoic lesions owing to the presence of fat.” MRI has 
several advantages over CT, including improved tissue contrast, mul- 
tiplanar reconstruction, and the use of a non-nephrotoxic contrast 
agent.” CT, ultrasonography, and angiography allow for the preopera- 
tive diagnosis of RAML in approximately 50% to 60% of patients.’ 


Gross Pathology 

RAMLs occurring in patients with tuberous sclerosis tend to be bilat- 
eral, small, and multifocal. In sporadic cases, the tumors are single, 
unilateral, and larger than those associated with tuberous sclerosis.” 
The size of the tumor may vary from a few millimeters to several cen- 
timeters. In one series, a maximum size of 20 cm and an average size 
of 9.4cm were documented.” The color of the tumor varies from 
yellow to gray-pink, depending on the relative proportions of the 
various tissue elements. Fat-predominant neoplasms may mimic clear 
cell RCC; tumors with a prominent smooth-muscle component may 
be gray, fleshy, and whorled, mimicking leiomyomas.'° RAMLs are 
usually well circumscribed but not encapsulated. They commonly 
extend beyond the renal capsule into the perinephric adipose tissue. 
Rarely, tumors may extend into the renal collecting system, the renal 
vein,” or even the inferior vena cava.”*”° In some cases, variably sized 
cysts may be seen as a result of the entrapment and dilatation of renal 
tubules in the adjacent renal parenchyma; rarely, the tumors appear 
multicystic.” In other rare cases, RAMLs demonstrate extensive bone 
formation that may be grossly apparent. Regional lymph node involve- 
ment is occasionally seen and is considered by most experts to repre- 
sent a multicentric growth pattern rather than a true metastatic 
phenomenon.” RAML may also be present within the retroperitoneal 
soft tissue without being attached to the kidney and in abdominal 
viscera, such as the liver, spleen, and ovaries.” * The consensus in the 
literature suggests that this phenomenon, as with lymph node involve- 
ment, is a manifestation of the multicentric nature of RAML rather 
than metastasis.” 


Histopathology 
RAMLs are composed of a mixture of varying proportions of mature 
fat, thick-walled poorly organized blood vessels, and smooth muscle 
(Figs. 13-1 and 13-2). The smooth-muscle cells may be seen as appear- 
ing to originate from the blood vessel wall in a pinwheel or a “spin-off” 
fashion (Figs. 13-3 and 13-4). These cells may be scattered diffusely 
throughout the tumor or may produce well-formed interlacing fasci- 
cles. The blood vessels are thick-walled and resemble arterialized veins 
similar to those seen in arteriovenous malformations (Figs. 13-3 to 
13-5). They lack the systematic architectural organization of any 
normal vascular structures, are sometimes tortuous, and may even 
form small aneurysms. The adipose tissue can be extensive in some 
tumors and may be associated with fat necrosis and lipophages.’® 
Variations in histology, including nuclear pleomorphism, mitotic 
activity, or binucleation or multinucleation of the smooth muscle com- 
ponent, are common; these features may raise the question of malig- 
nancy. Although some of these tumors have been referred to as atypical 
angiomyolipoma,* we believe these to be within the spectrum of 
RAML. The “atypical” features described by Delgado and colleagues 
are acceptable in the context of a tumor showing all the components 


Figure 13-1. Angiomyolipoma of the kidney. Low-power view shows the typical 
features of angiomyolipoma, including smooth muscle, abnormal blood vessel (in the 
center), and clusters of adipocytes. 


typical features of angiomyolipoma, including smooth muscle, abnormal blood vessel 
(upper left), and clusters of adipocytes. 


of an RAML without true sarcomatous transformation. Some tumors 
may display a paucity or apparent lack of fat and need to be differenti- 
ated from leiomyomas (Fig. 13-6). In these cases, the presence of 
abnormal blood vessels associated with the fascicles of smooth muscle 
is helpful (Figs. 13-7 to 13-9). The lipomatous component is usually 
composed of mature adipose tissue, but it may contain lipoblasts and 
atypical giant cells, mimicking an atypical lipomatous tumor (well- 
differentiated liposarcoma). 

RAML may exhibit many worrisome characteristics, such as local 
infiltration, extension into the renal vein or inferior vena cava, multi- 
centricity, regional lymph node involvement, and rapid local recur- 
rence if inadequately excised. Occasionally, renal tubules may be 
entrapped at the periphery of the tumor, which may mimic local infil- 
tration and in some instances is the cause of prominent cystic change.” 
Occasional tumors may exhibit an epithelioid morphology, a variant 
that may be confused with RCC. This variant is discussed later in this 
chapter. 
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Figure 13-3. Angiomyolipoma of the kidney. Intermediate-power view shows an 


abnormal blood vessel with adjacent bland-appearing spindle cells that seem to arise 
from the periphery of the blood vessel. 


features of the abnormal blood vessel in the center with adjacent spindle cells that 
seem to arise from the periphery of the blood vessel. 


Ancillary Diagnostic Studies 

RAML is characterized by the expression of melanoma-associated anti- 
gens, such as HMB-45 and HMB-50, neuroglandular antigen (detected 
by the melanoma marker NKI/C3 antibody to CD63), microphthalmia 
transcription factor, melanoma antigen recognized by T cells (MART- 
1), and melan-A.***° Using these immunohistochemical stains RAML 
may be differentiated from other spindle cell and epithelioid neoplasms 
of the kidney, such as leiomyosarcomas, sarcomatoid RCCs, and ret- 
roperitoneal liposarcomas that extend into the renal parenchyma, none 
of which express the HMB-45 antigen. 

Renal AMLs also stain positive for smooth-muscle actin, muscle- 
specific actin, calponin, and vimentin. Neuron-specific enolase, 
desmin, estrogen receptor, and progesterone receptor may also be posi- 
tive in some cases; however, epithelial markers, such as cytokeratin and 
epithelial membrane antigen, are always negative.*! Coexpression of 
melanocytic and smooth-muscle markers in myoid-appearing and 
lipid-distended cells supports the theory of RAML being a neoplasm 
that can undergo phenotypic and immunotypic modulation.” 
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Figure 13-7 
section shows mostly spindle cells with few atypical blood vessels. There are no adipo- 
cytes present. 
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Figure 13-8. Angiomyolipoma of the kidney (fat poor). Intermediate-power view of 
frozen section shows the atypical blood vessels commonly seen in angiomyolipoma, 
which are surrounded by mostly spindle cells. 


TES 3 
Figure 13-9. Angiomyolipoma of the kidney (fat poor). Low-power view shows fas- 


cicles of spindle cells and few abnormal blood vessels. No adipocytes are visible in this 
focus. 


There are reports of using immunohistochemical stains with anti- 
bodies to hamartin and tuberin,“ which are the protein products of 
the genes TSC1 and TSC2, respectively. Mutations in TSC1, located on 
chromosome 9p, and TSC2, located on chromosome 16p, are associ- 
ated with the tuberous sclerosis complex. These mutations, which 
result in the loss of protein expression, can be detected by a lack of 
staining with the appropriate antibodies. 

DNA measurement by flow cytometric analysis performed in three 
cases of RAML with lymph node involvement showed a diploid DNA 
content in both the kidney and the lymph nodes in all three patients.”*“* 
Flow cytometric analysis was also performed on four cases of hepatic 
angiomyolipoma, which also revealed a diploid DNA pattern in all 
cases. 


Differential Diagnosis 

The differential diagnosis of RAML includes leiomyoma, leiomyosar- 
coma, and sarcomatoid RCC. This may be problematic in cases with a 
predominant smooth-muscle component and associated cytologic 
atypia and necrosis. These entities lack the triphasic appearance seen 


in RAML and are negative for HMB-45. Leiomyosarcoma, a poorly 
circumscribed tumor with an infiltrative border, has malignant cyto- 
logic features and typically exhibits a high Ki-67 labeling index, which 
is an indication of elevated mitotic activity. Both leiomyomas and 
leiomyosarcomas are smooth-muscle neoplasms that stain positive for 
smooth-muscle actin and desmin. RCC is an epithelial neoplasm that 
is usually positive for cytokeratin markers, but not for HMB-45 or 
other melanoma markers. 


Ultrastructural Findings 

The smooth-muscle cells have high glycogen content, but otherwise 
show typical ultrastructural features of smooth muscle cells. Some 
of these cells exhibit lipid droplets within the cytoplasm and may 
represent transition forms between myocytes and adipocytes.” The 
epithelioid cells contain a variety of granules, which may be striated, 
rhomboid, spherical, or elliptical. Some of these granules resemble 
melanosomes; others resemble renin granules or, rarely, form typical 
premelanosomes.*° Mukai and associates reported the presence of 
needle- and rod-like crystalloids, mainly in large epithelioid smooth- 
muscle cells. They confirmed that these were not renin, but they did 
not elucidate the true nature of these crystalloids.” 


Genetics 

Tuberous sclerosis complex is an autosomal dominant but variably 
penetrant genetic syndrome, which is manifested by a constellation of 
cutaneous lesions; multi-organ hamartomas, including those in the 
heart, lung, and brain; and other findings such as renal cysts. Tuberous 
sclerosis complex is one of two genetic syndromes (the other being von 
Hippel-Lindau syndrome) associated with both renal tumors and renal 
cysts and is one of the two most common neurocutaneous disorders, 
along with neurofibromatosis.** The TSC1 gene located on chromo- 
some 9q34 consists of three exons and encodes hamartin.”” The TSC2 
gene located on chromosome 16p13 consists of 41 exons and encodes 
tuberin, a GTPase-activating protein for RAP1 and RABS5.” Tuberin 
and hamartin interact with each other forming a cytoplasmic complex. 
The exact composition and role of the tuberin/hamartin complex is 
still unclear, although both appear to function as tumor suppressor 
genes and have been implicated in the development of other sporadic 
tumors.*' RAML frequently shows loss of heterozygosity in variable 
portions of the TSC2 gene locus in both sporadic and tuberous 
sclerosis-associated tumors. TSC1 only occasionally shows loss of 
heterozygosity.” 


Treatment and Prognosis 

Treatment options for RAML include radical or partial nephrectomy 
and arteriographic embolization. In recent years there has been a trend 
toward nephron-sparing surgery because of improvements in diagnos- 
tic imaging techniques and the demonstrated efficacy of nephron- 
sparing surgery for RCC. Blute and coworkers recommended 
elective exploration and kidney-preserving surgery where possible in 
patients without tuberous sclerosis, calling for surgical intervention 
only when the lesion has become symptomatic or enlarged in patients 
with tuberous sclerosis.” Classic RAMLs are benign, and only a very 
small minority is associated with complications, morbidity, or mortal- 
ity. However, hemorrhage into the retroperitoneum, usually in tumors 
larger than 4 cm or in pregnant patients, may be life threatening.’ The 
survival rate after surgical excision is excellent; follow-up studies show 
an uneventful course 1 to 15 years after surgery.” Arteriographic 
embolization is an alternative treatment for symptomatic or large 
tumors, because it reduces the tumor size and controls intratumoral 
hemorrhage.” However, complications have been reported after angio- 
embolization, including abscess formation, sterile liquefaction from 
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typical angiomyolipoma component sandwiched between the solid sheet of epithelioid 
cells on the right and the renal parenchyma on the left. 


epithelioid and spindle cells infiltrating the renal parenchyma. 


the lesion necessitating percutaneous drainage, and pleural effusion.*”” 


Postembolization syndrome, consisting of flank pain, fever, leukocyto- 
sis, and nausea, has also been reported.” 


Epithelioid Angiomyolipoma 

Epithelioid angiomyolipoma is a variant of RAML that is characterized 
by the presence of epithelioid cells, producing an appearance distinctly 
different from that usually associated with RAML. The adipose tissue 
and tortuous thick-walled blood vessels typically associated with 
classic RAML are not evident; hence, this variant may be confused 
with RCC (Figs. 13-10 to 13-13).°' Epithelioid morphology has been 
reported in patients both with and without tuberous sclerosis; however, 
the epithelioid variant has a significantly higher association with tuber- 
ous sclerosis than classic RAML. The mean age of diagnosis is 38 years, 
although these tumors occur over a wide age range, and both sexes are 
equally affected. Epithelioid RAMLs are considered to be malignant 
neoplasms with the capacity to be locally aggressive and to metastasize 
(Figs. 13-14 to 13-17). 


shows epithelioid cells with abundant eosinophilic and spindle cells infiltrating in 
between renal tubules and a glomerulus. 
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from the same patient whose primary tumor is seen in Figures 13-11 to 13-13. 
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from the same patient whose primary tumor is seen in Figures 13-11 to 13-13. shows few epithelioid cells with abundant eosinophilic cytoplasm surrounded by mostly 
spindle cells. 
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shows mostly epithelioid cells and a few large bizarre cells with eccentrically placed 
pleomorphic nuclei. 


This variant shows sheets of oval to polygonal epithelioid cells with 
clear to abundant eosinophilic cytoplasm (Figs. 13-18 to 13-20). The 
nuclei may be bland, but typically show a range of pleomorphism 
varying from slight pleomorphism with small nucleoli to large pleo- 
morphic cells with prominent nucleoli that may resemble ganglion 
cells (Figs. 13-21 and 13-22). Occasional multinucleated giant cells or 
spindle cells may also be seen (Figs. 13-23 and 13-24). Tumors may 
display brisk mitotic activity, vascular invasion, necrosis, and infiltra- 
tion of perinephric fat. Hemorrhage is not uncommon.’ There is no 
reliable morphologic criteria of malignancy for these tumors other 
than the presence of metastases.” The presence of abnormal blood 
vessels and fat help distinguish epithelioid RAML from RCC, but these 
two components may be focal and need to be looked for carefully. In 
difficult cases, immunohistochemical stains can be helpful. Epithelioid 
RAMLs typically express melanocytic markers, such as HMB-45 (Figs. 
13-25 to 13-27), HMB-50, MART-1, melan-A, and microphthalmia 
nohistochemical stain highlights the epithelioid cells. transcription factor, and have variable expression of smooth-muscle 


eta Ss 
- 
Figure 13-20. Epithelioid angiomyolipoma of ti 


plasm and multiple eccentrically placed nuclei. 
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Figure 13-22. Epithelioid angiomyolipoma of the kidney. High-power view shows 


mostly epithelioid cells with abundant eosinophilic cytoplasm and pleomorphic bizarre 
nuclei. A multinucleated cell is also present. 
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Figure 13-24. Epithelioid angiomyolipoma of the kidney. High-power view shows 


mostly epithelioid cells with abundant eosinophilic cytoplasm with a large multinucle- 
ated cell in the center. 


he kidney. High power view shows 
numerous epithelioid cells, including one large cell with abundant eosinophilic cyto- 
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3-21. Epithelioid angiomyolipoma of the kidney. High-power view shows a 
close-up of an epithelioid cell with abundant eosinophilic cytoplasm and eccentrically 
placed pleomorphic nucleus resembling a ganglion cell. 
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Figure 13-23. Epithelioid angi 


mostly epithelioid cells with abundant eosinophilic cytoplasm with a large multinucle- 
ated cell in the center. 
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f the kidney. Low-power view of HMB-45 


immunohistochemical stain highlights the sheet of epithelioid cells on the right and 


scattered cells within the typical angiomyolipoma component. The renal parenchyma 
on the left does not stain. 
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Figure 13-26. Epithelioid angiomyolipoma of the kidney. Intermediate-power view of 
strong staining for HMB-45 immunohistochemical stain in epithelioid cells. 


strong staining for HMB-45 immunohistochemical stain in epithelioid cells, including 
the large multinucleated cells. 


markers (smooth-muscle actin, muscle-specific actin) (Figs. 13-28 
and 13-29).*°***! They are negative for epithelial markers such as cyto- 
keratin (Fig. 13-30). Estrogen receptor expression has been reported 
in a significant proportion of epithelioid RAMLs.™ TP53 mutations 
have been detected in epithelioid RAML but not in classic RAML, 
suggesting that they may play a role in malignant transformation.” 

Some tumors with epithelioid morphology have been referred to as 
monotypic epithelioid malignant angiomyolipoma. Pea and colleagues” 
reported a series of malignant tumors characterized by the presence of 
perivascular epithelioid cells that showed a phenotypic overlap between 
carcinoma and RAML. One of their observations in this paper was 
the probability that some of the cases reported as tuberous sclerosis- 
associated RCCs were indeed malignant RAMLs, including some of 
the cases reported in 1996 by Bjornsson and associates.” In a subse- 
quent paper, Pea and colleagues reported similar tumors in patients 
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Figure 13-28. Epithelioid angiomyolipoma of the kidney. Low-power view of smooth- 
muscle actin immunohistochemical stain highlighting smooth muscle cells within the 


sheet of epithelioid cells on the right, the typical angiomyolipoma component, and in 
the renal parenchyma on the left. 


strong staining for smooth-muscle actin (SMA) immunohistochemical stain, which high- 
lights smooth muscle cells. However, the large multinucleated cells do not stain with 
SMA. 


without tuberous sclerosis.” Metastases have been reported in multiple 
organs, with lung and liver metastases being the most common.””” 


Intrarenal Schwannoma 


Schwannomas of the kidney are rare, with only 22 cases reported in 
the literature to date.” Intrarenal schwannomas usually occur in the 
renal pelvis and hilum and occur less commonly in the cortex and 
capsule. The main nerves of the kidney consist of sympathetic and 
parasympathetic fibers that accompany the renal artery entering 
the renal hilum; this could explain the more common presence of 
schwannomas at this location.” Intrarenal schwannomas can occur in 
isolation as sporadic lesions or be associated with schwannomatosis in 
neurofibromatosis type 2.” Most renal schwannomas are benign, but 
malignant transformation can occur.” 


keratin cocktail immunohistochemical stain highlights the renal parenchyma on the left 
and the entrapped renal tubules within the typical angiomyolipoma component. The 
solid sheet of epithelioid cells on the right is negative. 


Incidence and Demographics 

Intrarenal schwannomas usually occur in adults; the mean patient age 
at diagnosis in the reported cases was 51 years (range, 18-89 years).”” 
There does not appear to be an association between the patient's sex 
and the development of intrarenal schwannoma. 


Localization and Clinical Manifestations 

The most common locations of intrarenal schwannomas are the renal 
pelvis, hilum, cortex and, less commonly, the renal capsule. Patients 
with intrarenal schwannomas usually present with nonspecific symp- 
toms and signs, such as malaise, weight loss, fever, abdominal or flank 
pain, and a palpable abdominal mass.” Microhematuria is a less 
common presentation. 


Radiologic Findings 

On MRI, intrarenal schwannomas appear isointense on T1-weighted 
images and have high signal intensity on T2-weighted images.” 
Gadolinium-enhanced T1-weighted images show a strong and homo- 
geneous enhancementin the solid part of the intrarenal schwannoma.” 
On CT, intrarenal schwannomas appear as a well-demarcated mass 
that is homogeneous on unenhanced scans and heterogeneous with 
roughly ring-shaped enhancement after contrast administration.” 


Gross Pathology 
On gross pathologic examination, intrarenal schwannomas are 
well-circumscribed, lobulated, rounded masses, ranging in greatest 
dimension from 4 to 16 cm. They vary in color from tan to yellow. 
Occasionally, intrarenal schwannomas may have cystic degeneration 
or calcification.” 


Histopathology 

The histologic appearance of intrarenal schwannomas is similar to the 
appearance and morphologic patterns of schwannomas that develop 
in other organs. The classic schwannoma is usually encapsulated and 
is characterized by hypercellular spindle cells that have a fascicular 
growth pattern (Fig. 13-31) and are often arranged in a palisading 
fashion (Antoni A pattern); some schwannomas are less cellular and 
have loosely textured to myxoid tumor areas (Antoni B pattern). 


Microcystic degeneration with hemorrhage and hemosiderin deposits 
associated with cells showing bizarre hyperchromatic nuclei are 
common degenerative features of large schwannomas.” 

Cellular schwannoma is a rare variant of schwannoma that is char- 
acterized by an almost entirely Antoni A growth pattern and the 
absence of Verocay bodies.”° 

Ancient schwannomas are long-standing tumors with degenerative 
nuclear and architectural changes rather than a distinct schwannoma 
subtype; ancient schwannomas do not seem to differ clinically from 
classic schwannomas.””*! 


Ancillary Diagnostic Studies 

On immunohistochemical analysis, schwannomas usually demon- 
strate intense S-100 protein expression and are negative for HMB-45, 
smooth-muscle actin, CD34, cytokeratin AE1/AE3, cytokeratin 7, and 
CD10. 


Differential Diagnosis 
The differential diagnosis includes low-grade malignant peripheral 
nerve sheath tumor, renal angiomyolipoma, sarcomatoid carcinoma, 
synovial sarcoma, solitary fibrous tumor, and leiomyosarcoma.” The 
distinctive clinical, histologic, and immunohistochemical findings 
usually permit a definitive diagnosis of intrarenal schwannomas. 
However, spindle cell-predominant angiomyolipomas can be confused 
with intrarenal schwannomas. Angiomyolipomas are characterized by 
short fascicles that intersect at right angles with brightly eosinophilic 
cells with longitudinal striations, blunt-ended nuclei, and perinuclear 
vacuoles; in contrast, schwannomas have longer fascicles, paler- 
staining cytoplasm, and wavy nuclei. Immunohistochemical positivity 
for HMB-45 helps confirm the diagnosis of angiomyolipoma. 
Cellular variants of intrarenal schwannomas can be confused with 
malignant peripheral nerve sheath tumors. The presence of circum- 
scription, thick-walled blood vessels, foamy histiocytes, and intense 
S-100 protein expression should help distinguish intrarenal schwanno- 
mas from malignant peripheral nerve sheath tumors.” Cellular 
schwannoma can rarely be confused for sarcomatoid RCCs, which are 
destructive and infiltrative and do not show the encapsulation and 
circumscription seen with intrarenal schwannomas. In addition, sar- 
comatoid carcinomas usually show cytokeratin expression. 
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Figure 13-31. Schwannoma of the kidney. Intermediate-power view showing hyper- 
cellular spindle cells with a fascicular growth pattern. (Microphotograph courtesy of Dr. 
G. MacLennan, Department of Pathology, Case Western Reserve University.) 


Treatment and Prognosis 

Surgical resection is the treatment of choice; most patients with these 
tumors are not correctly diagnosed preoperatively. Most patients with 
intrarenal schwannomas do well after resection, with no recurrences. 
However, in two case reports, the tumors were diagnosed as malignant 
schwannomas, and these patients died with metastasis 3 and 15 months 


after the diagnosis, respectively.”*” 


Lymphangioma 

Lymphangioma of the kidney is a rare, benign neoplasm, with only 
35 cases reported.” Some of the earlier reported cases of renal lymph- 
angiomas were probably multilocular cysts that were erroneously 
diagnosed as lymphangioma.™ In children, presentation of bilateral 
renal lymphangiomas has also been reported, and is referred to as 
lymphangiomatosis.** 


Incidence and Demographics 

Renal lymphangiomas occur in patients at various ages, with approxi- 
mately two thirds occurring in adults and one third occurring in chil- 
dren.* Most reported cases have occurred either in children or in 
patients older than age 40 years.” 


Localization and Clinical Manifestations 

Renal lymphangiomas may present as a peripelvic or renal sinus mass, 
or they may develop from the renal cortex or renal capsule. Lymphan- 
giomas are believed to arise from embryonic renal lymphatic cysts”; 
however, it is still unclear whether renal lymphangiomas represent 
lymphangiectasias, hamartomas, or true neoplasms. 

Clinically, patients with renal lymphangiomas present with flank 
mass, pain, or hematuria.” In addition, urinary obstruction may be 
caused by tumors arising in the renal sinus.*° Some cases of renal 
lymphangioma may develop secondary to inflammatory lower urinary 
tract disease, or they may represent a developmental abnormality in 
lymphatic formation. 


Radiologic Findings 

In patients with renal lymphangioma, CT and ultrasonography show 
a cystic lesion with a smooth, thin wall and septa. The CT appearance 
of the cyst fluid can vary from a water-like density to higher densities, 
representing increasingly mucoid or hemorrhagic fluid. On MRI, 
renal lymphangioma appears as a septate mass with a heterogeneous, 
low signal intensity on T1-weighted images and high signal intensity 
on T2-weighted images." 


Gross Pathology 

On gross pathologic examination, renal lymphangiomas are solitary, 
usually unilateral, well-encapsulated, multicystic masses with a cut 
surface composed of numerous fluid-filled cysts varying from 0.1 to 
2 cm in greatest dimension.” Rare cases of bilateral lymphangiomas 
have also been reported." In the case of the largest reported renal 
lymphangioma to date, the patient’s kidney was markedly enlarged and 
weighed 1400 g, and the lymphangioma replaced approximately 90% 
of the renal parenchyma.” 


Histopathology 

The cysts associated with renal lymphangiomas are lined by flattened 
endothelial cells and are separated by a variable amount of stroma that 
may contain smooth muscle and occasional entrapped renal tubules 
and lymphoid cells’® (Figs. 13-32 and 13-33). In contrast to hemangio- 
mas, lymphangiomas do not contain conspicuous red blood cell 
elements. 


Figure 13-32. Lymphangioma of the kidney. Low-power view shows multiple cyst 
septae lined by flattened endothelial cells. The septae have a variable amount of stroma, 
with few entrapped renal tubules. (Microphotograph courtesy of Dr. G. MacLennan, 
Department of Pathology, Case Western Reserve University.) 
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Figure 13-33. Intermediate-power view shows cyst wall lined by flattened endothelial 
cells. Few entrapped renal tubules are present. (Microphotograph courtesy of Dr. G. 
MacLennan, Department of Pathology, Case Western Reserve University.) 


Ancillary Diagnostic Studies 

Using immunohistochemical stains, the cells lining the cystic spaces 
are positive for CD31, D2-40, factor VIII-related antigen, and Ulex 
europaeus agglutinin, and are negative for cytokeratin.'*”® Using elec- 
tron microscopy, the lining cells show all the ultrastructural features 
of endothelial cells. In addition, microfilaments that can be labeled for 
muscle-specific actin (MSA) antibodies using immunogold staining 
have been detected in the cytoplasm of these endothelial cells.” 
This labeling appears to be specific for this type of endothelial cell. In 
the same study MSA labeling was not identified in normal lymphatic 
endothelium, which was used as a control. Based on these findings, it 
is believed that a special form of myoendothelial cell may line the cysts 
of renal lymphangioma.* On chemical analysis, the intracystic fluid 
usually corresponds to the physiologic composition of lymphatic 
fluid.” 


Nonepithelial Neoplasms of the Kidney 


Genetics 

In some cases of renal lymphangioma, karyotypic abnormalities, such 
as monosomy X, trisomy 7q, and defects in the von Hippel-Lindau 
gene, have been reported.””*? However, these findings are neither spe- 
cific nor consistent and cannot be used routinely in clinical practice. 


Differential Diagnosis 

The main pathologic and radiologic differential diagnoses include mul- 
ticystic lesions of the kidney, such as multilocular cystic RCC, multi- 
locular cystic nephroma, cystic partially differentiated nephroblastoma, 
and mesoblastic nephroma. In contrast to most of these other lesions, 
the lining cells in lymphangiomas consist of endothelial cells, which 
react positively for CD31 and factor VIII, and lack staining for cyto- 
keratin. In addition, the septa in lymphangiomas are fibrous and may 
contain entrapped tubules and lymphoid cells.” 


Treatment and Prognosis 

Patients with renal lymphangiomas are usually treated by nephrec- 
tomy, because preoperative investigations cannot distinguish renal 
lymphangiomas from malignant neoplasms. However, if a preoperative 
diagnosis can be made, the lesions can be treated by injecting scleros- 
ing agents.” 


Leiomyoma 


Leiomyomas of the kidney are rare, benign neoplasms that usually 
occur in the renal cortex or capsule; they are less commonly found in 
the muscularis propria of the renal pelvis and cortical vascular smooth 
muscle. Renal leiomyomas are usually classified into two major groups. 
The first group consists of small cortical or subcortical neoplasms; 
these are usually asymptomatic, are less than 2 cm in greatest dimen- 
sion, may be multiple, and are often detected incidentally during 
autopsy or surgery. The second group consists of larger neoplasms that 
arise from the renal capsule or blood vessels.” 


Incidence and Demographics 

Capsular leiomyomas are seen in about 5% of autopsies, where they 
are usually found as incidental nodules 0.1 to 0.3 cm in greatest dimen- 
sion. Renal leiomyomas may be symptomatic, with features of mass 
effect, flank pain and, less frequently, fluctuating hypertension. Occa- 
sionally, renal leiomyomas may become large, prompting surgery for 
what is presumed to be RCC.” Leiomyomas may occur at any age, but 
the larger, clinically significant tumors occur more commonly in 
women in their second and fifth decades of life.” Leiomyomas have 
also been reported in children.” 


Location and Clinical Manifestations 

Most renal leiomyomas are small, asymptomatic neoplasms. Less com- 
monly, renal leiomyomas present as large, solitary neoplasms that 
cause a palpable mass or abdominal/flank pain. Hematuria may be 
present when a leiomyoma is located in the renal pelvis. Leiomyomas 
are found equally as often in the left and right kidneys and are located 
more frequently in the lower pole. They are located most commonly 
in the subcapsular area or within the capsule, but they may also develop 
from the smooth muscle of the pelvis or cortical vessels.”*”*”” 


Radiologic Findings 

Renal leiomyomas have various radiologic patterns, making it extremely 
difficult to diagnose this condition preoperatively, even using the 
most advanced imaging techniques.’ On CT, renal leiomyomas vary 
from a solid lesion to a mixed solid and cystic lesion to a pure cystic 
lesion with occasional calcifications.” Steiner and coworkers have 


enumerated features that may help in the diagnosis of renal leiomy- 
oma, including (1) a well-circumscribed lesion, (2) no evidence of 
extrarenal invasion or metastasis, and (3) a capsular, subcapsular, 
or peripelvic location.™!" However, these features are nonspecific. 
On ultrasonography, renal leiomyomas are heterogeneous, with most 
being hypoechoic (80%) and others showing mixed echogenicity 
(20%). On angiography, about 25% of leiomyomas are hypovascular 
and 75% are slightly vascular, but there is no arterial encasement, 
arteriovenous shunt, or renal vein invasion. More vascular leiomyo- 
mas tend to have multiple tortuous vessels and an inhomogeneous 
capillary phase.'” 


Gross Pathology 

On gross pathologic examination, most renal leiomyomas are solid, 
well-circumscribed, encapsulated masses with a whorled, bulging cut 
surface.” However, renal leiomyomas may become multicystic second- 
ary to cystic degeneration. In addition, focal areas of hemorrhage 
and irregular calcifications may be present, but renal leiomyomas are 
devoid of necrosis. Most renal leiomyomas are solitary lesions, but 
occasionally multiple renal leiomyomas may be found in one kidney.” 
Most renal leiomyomas are small, varying from 0.1 to 0.3 cm, but some 
may be large. The largest reported renal leiomyoma, which occurred 
in a 23-year-old man, measured 57.5 x 44 x 20cm and weighed 
37.2 ky. 


Histopathology 

On histopathologic analysis, leiomyomas are well-circumscribed and 
are composed of interlacing fascicles of smooth muscle bundles, with 
no significant hypercellularity, nuclear pleomorphism, mitotic activity, 
or necrosis (Figs. 13-34 and 13-35). Nuclear palisading may be focally 
present, as well as areas of hyalinization and myxomatous degenera- 
tion.” Renal leiomyomas that occur during infancy need to be dis- 
tinguished from congenital mesoblastic nephroma. 


Ancillary Diagnostic Studies 

Immunohistochemical staining can confirm the smooth-muscle nature 
of renal leiomyomas, with strong, diffuse positive staining for smooth- 
muscle actin (Fig. 13-36), desmin, caldesmon, calponin, MSA, and 
myosin. Leiomyomas are usually negative for cytokeratin AE1/AE3, 
c-kit, CD34, and S-100. In addition, leiomyomas arising from 
the renal pelvis are negative for HMB-45, in contrast to the 


Figure 13-34. Leiomyoma of the kidney. Low-power view shows fascicles of bland 
spindle cells, which at the periphery infiltrate in between renal tubules. 
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Figure 13-36. Leiomyoma of the kidney. Smooth-muscle actin immunohistochemical 
stain highlights the smooth muscle cells, including those in between adjacent renal 
tubules (/ower right corner). 


HMB-45-positive smooth-muscle cells seen in leiomyomas attached to 
the renal capsule.” The HMB-45 positivity observed in leiomyomas 
arising from the renal capsule raises the possibility that these leiomyo- 
mas are more closely related to stroma-rich angiomyolipomas. 


Genetics 

It has been reported that some people may have a genetic predisposi- 
tion to developing renal leiomyoma, particularly after an acquired 
insult.° Breakpoints in the q13-15 region of chromosome 12 have 
been demonstrated in both leiomyomas and congenital mesoblastic 
nephromas,’® and one study detected the combined losses of chromo- 
somes 4, 6, 12, and 14 in a patient with renal leiomyoma.'” Finally, an 
association between renal leiomyomas and tuberous sclerosis has been 
suggested,’” and renal leiomyomas have been observed in immuno- 
compromised patients with Epstein-Barr virus infection.””'”° 


Differential Diagnosis 

The differential diagnosis based on radiographic imaging findings 
includes benign and malignant renal conditions, such as RCC, angio- 
myolipoma, leiomyosarcoma, and oncocytoma. Currently, no imaging 


study can unequivocally distinguish the above-mentioned renal neo- 
plasms from renal leiomyomas, and a definitive diagnosis is possible 
only after microscopic evaluation. However, in the presence of an 
incidentally detected, exophytic, small, and well-defined renal mass 
without signs of infiltration into surrounding tissues, a diagnosis of 
renal leiomyoma should always be considered. '™ 

The criteria for differentiating a renal leiomyoma from a leiomyo- 
sarcoma are still not fully defined because of the rarity of these lesions. 
The gross findings for a renal leiomyoma and leiomyosarcoma may be 
similar, and the size and weight may be within the same range. In the 
limited number of cases that have been reported to date, no relation- 
ship appears to exist between the size of the tumor and its malignant 
potential.'” 

Histologically, leiomyosarcomas are characterized by nuclear 
pleomorphism, hyperchromatism, necrosis, the presence of frequent 
mitotic figures (>1 mitosis per 10 high-power fields), and invasion of 
adjacent structures, such as the renal vein, vena cava, renal paren- 
chyma, and perirenal fat.” Leiomyosarcomas typically exhibit a high 
Ki-67 labeling index, which is an indication of elevated mitotic activity. 
Sarcomatoid RCC is an epithelial neoplasm that is positive for 
cytokeratin markers but not for smooth-muscle markers. Angiomyo- 
lipomas are fat-containing lesions that characteristically exhibit immu- 
noreactivity to HMB-45. 


Treatment and Prognosis 

For symptomatic renal leiomyomas, the treatment approach depends 
on the preoperative diagnosis. Radical nephrectomy is often performed 
for large leiomyomas, because of a preoperative impression of organ 
confined RCC, or for lesions that invade adjacent structures, as shown 
on CT scan." For small (<2 cm), asymptomatic tumors for which CT 
findings suggest a benign lesion, a partial nephrectomy may be per- 
formed.” To date, there are no reports in the literature regarding long- 
term survival of patients with renal leiomyoma or postresection 
recurrence and sarcomatous change, but the prognosis for patients 
with renal leiomyomas seems excellent based on the previously 
reported cases. 


Hemangioma 


Hemangioma of the kidney is a relatively rare vascular neoplasm 
that probably arises from embryonic rests of unipotent, angioblastic 
cells. Since renal hemangioma was first described, just over 200 cases 
have been reported. Renal hemangiomas are generally isolated, 
but some cases are associated with hemangiomas in other organs. 
In addition, renal hemangiomas are sometimes a manifestation of 
Kiippel-Trenaunay syndrome, Sturge-Weber syndrome, or systemic 
angiomatosis.'!° 


Incidence and Demographics 

Renal hemangiomas are most common in young to middle-aged 
adults, with a peak incidence in the third and fourth decades of life, 
although the patients’ ages at diagnosis in the reported cases have 
ranged from 1 day to 78 years.''* In adult patients, there is no known 
association between sex or age and the development of renal heman- 
gioma; however, in pediatric cases, there is a slightly higher incidence 
of renal hemangiomas in males.'!° 


Location and Clinical Manifestations 

The most common locations of renal hemangiomas are the mucosa and 
subepithelial tissue of the renal pelvis, renal pyramids, and cortex, but 
hemangiomas can also rarely be found in the renal capsule." Because 
these tumors are usually 1 to 2 cm in greatest diameter, many of them 


are asymptomatic and are found incidentally at autopsy. However, the 
size of renal hemangiomas can range from microscopic to larger than 
10 cm. More than 90% of symptomatic renal hemangiomas arise in the 
pelvicalyceal lamina propria, renal papillae, or renal medulla, locations 
in which erosion, thrombosis, or infarction can lead to recurrent epi- 
sodes of gross hematuria with secondary anemia or colicky pain caused 
by the passage of blood clots.'’® Clinically, the importance of diagnos- 
ing hemangiomas correctly lies in differentiating this benign cause of 
hematuria, or an incidentally detected radiographically visible renal 
mass, from a more ominous malignancy. 

Intravascular capillary hemangiomas arising in a renal vein and 
presenting as a renal mass have been reported."’* In addition, cavern- 
ous hemangiomas arising in the collecting system and presenting 
as a solid renal mass™” or as a renal hilar mass have been reported." 
Perirenal hemangiomas can mimic RCC,"” as can renal sinus heman- 
giomas.'” These cases highlight the different ways in which heman- 
giomas may clinically mimic RCC, making preoperative diagnosis 
difficult. 


Radiologic Features 

The radiologic features of renal hemangiomas have not been well 
described in the literature. Most appear hypervascular on angiography, 
but the possibility of hemangioma cannot be reliably excluded by a 
negative angiogram, because many hemangiomas are too small to 
detect. Occasionally, ultrasonography will show a hyperechoic mass. 
On CT angiography, hemangiomas have been variably described as a 
mass that is isodense relative to the renal cortex during the excretory 
phase of contrast enhancement and as a homogeneously enhancing 
mass with peripheral hypoenhancement during the portal phase.*’*!"” 
On MRI, hemangiomas are best seen on T2-weighted sequences and 
appear as a hyperintense mass with some flow voids.'” 


Gross Pathology 

Hemangiomas are usually small, solitary, and unilateral, but in rare 
cases, hemangiomas may be bilateral.” In addition, hemangiomas have 
been reported to be multifocal in up to 12% of cases." On gross 
pathologic examination, renal hemangiomas are usually small, soft, 
and poorly circumscribed but well-demarcated and often require 
extensive sampling to be detected. The largest hemangioma reported 
to date was 18 cm in greatest diameter. On cross-section, hemangio- 
mas may have a spongy red appearance, or they may be apparent as a 
small red streak. 


Histopathology 

On histopathologic analysis, renal hemangiomas may be capillary 
or cavernous. Capillary hemangiomas are composed of silitlike, 
capillary-sized vascular spaces lined by a single layer of endothelial 
cells containing blood. Cavernous hemangiomas have widely dilated 
vessels with disorganized vascular tributaries. In the kidney, cavernous 
hemangiomas are more common than capillary hemangiomas. Some 
of the vessels may contain smooth muscle and elastic tissue. The sur- 
rounding stroma is hyalinized and contains hemosiderin-laden mac- 
rophages, lymphocytes, and microcalcifications (Figs. 13-37 to 13-39). 
In older lesions, the stroma may be fibrous.”'** Although renal hem- 
angiomas may show an infiltrative growth pattern, the lack of mitosis 
and nuclear pleomorphism helps to differentiate hemangiomas from 
angiosarcomas.” 


Ancillary Diagnostic Studies 

Immunohistochemical stains usually show reactivity of the tumor cells 
to factor VIII and CD31 but not to cytokeratin or epithelial membrane 
antigen, thereby confirming the vascular nature of the tumor.''° 


Figure 13-37. Renal hemangioma. Low-power view showing a well-circumscribed 
tumor composed of numerous blood-filled vascular channels. (Microphotograph cour- 
tesy of Dr. A. O. Osunkoya, Department of Pathology, Emory University Hospital.) 


Figure 13-38. Renal hemangioma. Low-power view showing a well-circumscribed 
tumor composed of numerous blood-filled vascular channels. The adjacent renal paren- 
chyma is compressed (/ower left corner). (Microphotograph courtesy of Dr. A. O. Osunk- 
oya, Department of Pathology, Emory University Hospital.) 


Differential Diagnosis 

Differentiating renal hemangioma from RCC is of great clinical signifi- 
cance, but differentiating between the two lesions by preoperative 
imaging is difficult, which explains the high incidence of nephrecto- 
mies in patients with hemangiomas. Histologically, hemangiomas 
should be distinguished from their malignant counterparts, angiosar- 
comas. Even though hemangiomas may show an infiltrative growth 
pattern, they lack the nuclear pleomorphism and mitosis seen in 
angiosarcomas. 


Treatment and Prognosis 

Because most renal hemangiomas are slow growing and benign, con- 
servative treatment is recommended; however, most of the patients 
reported in the literature have undergone nephrectomy to control 
profuse bleeding or for a suspected malignancy. Successful intra- 
arterial embolization’ and laser-assisted ablation’ have also been 
reported. 


Practical Renal Pathology 


282 


f rad AAR =} uh ae PALSA | 
Rone etry Per eat) tastes se Pope Laced 
Figure 13-39. Renal hemangioma composed of numerous blood-filled vascular chan- 
nels. The adjacent renal parenchyma is compressed (right side). (Microphotograph 


courtesy of Dr. A. O. Osunkoya, Department of Pathology, Emory University Hospital.) 


Solitary Fibrous Tumor 


Intrarenal solitary fibrous tumor (SFT) is a rare neoplasm, with only 
a few cases reported. Renal SFTs share similar clinical, pathologic, 
and prognostic features with other extrathoracic SFTs. Renal SFTs are 
usually benign; however, a malignant renal SFT has been reported.'” 


Incidence and Demographics 

Reported patients with renal SFTs ranged in age from 26 to 72 years, 
with most patients being older than 50 years." There is no predilection 
for either sex. 


Location and Clinical Manifestations 

Renal SFTs have been described in the renal pelvis, cortex, and 
capsule.’”” Patients with renal SFTs typically present with abdominal/ 
flank pain and intermittent hematuria. Hypoglycemia, a rare reported 
finding in intrathoracic and extrathoracic SFTs, has not been reported 
in patients with renal SFT. 


Radiologic Findings 

The radiologic findings in renal SFT have not been well documented. 
On MRI, renal SFTs have low intensity on T1l-weighted images and 
irregular high intensity on T2-weighted images. On CT, SFTs appear 
as well-circumscribed, encapsulated masses. "° 


Gross Pathology 

On gross pathologic examination, renal SFTs are usually solitary and 
grossly well-circumscribed masses arising in the renal parenchyma. 
They are solid and tan-gray, range in size from 3 to 15 cm in greatest 
diameter, and are usually devoid of hemorrhage and necrosis. 


Histopathology 

On histopathologic analysis, renal SFTs vary in cellularity. They usually 
consist of a mixture of haphazard, storiform, or short fascicular 
arrangements of bland spindle cells with scant cytoplasm and less cel- 
lular dense collagenous bands (Figs. 13-40 and 13-41). Mitotic figures 
are infrequent in renal SFTs. Focal areas of prominent vessels may 
be present, giving the SFT a hemangiopericytoma-like appearance’”’ 
(Fig. 13-42). Some renal SFTs have also shown lipomatous differentia- 
tion and cystic degeneration.” ®"? 


of haphazard, storiform arrangements of spindle cells and hypocellular dense collage- 
nous bands. (Microphotograph courtesy of Dr. G. MacLennan, Department of Pathology, 
Case Western Reserve University.) 


tubules entrapped in hypocellular dense collagenous bands at the periphery of the 
tumor. (Microphotograph courtesy of Dr. G. MacLennan, Department of Pathology, Case 
Western Reserve University.) 


The criteria for malignancy include the presence of sarcomatoid 
areas within an otherwise typical SFT and the development of sarcoma 
in the same site previously documented to harbor a SFT. Other criteria 
include necrosis, hemorrhage, high cellularity with crowding and over- 
lapping of nuclei, cellular pleomorphism, a mitotic count greater than 
4 per 10 high-power fields, and the presence of atypical mitoses.’**'* 


Ancillary Diagnostic Studies 

Immunohistochemical and ultrastructural studies have shown that 
renal SFT cells are predominantly fibroblastic, although focal or promi- 
nent myofibroblastic differentiation may develop in some areas.'*’ 
Renal SFTs are usually diffusely positive for CD34 (Fig. 13-43), CD99, 
vimentin, collagen IV, and bcl-2 protein (Fig. 13-44) and are negative 
for keratin, S-100 protein, and muscle markers. However, foci with 
myofibroblastic differentiation may show positive immunoreactivity 
for smooth-muscle actin and desmin.*°"* 
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Figure 13-42. Solitary fibrous tumor of the kidney. Intermediate-power view shows 
prominent vessels, giving the tumor a hemangiopericytoma-like appearance. (Micropho- 
tograph courtesy of Dr. G. MacLennan, Department of Pathology, Case Western Reserve 
University.) 


Figure 13-43. Solitary fibrous tumor of the kidney. CD34 immunohistochemical stain 
is positive in the spindle cells. (Microphotograph courtesy of Dr. G. MacLennan, Depart- 
ment of Pathology, Case Western Reserve University.) 


Differential Diagnosis 

Tumors that should be considered in the differential diagnosis of SFTs 
include inflammatory myofibroblastic tumor, sarcomatoid RCC, angi- 
omyolipoma with spindle cell predominance, low-grade neurogenic 
tumors, hemangiopericytoma, and leiomyosarcoma. The typical histo- 
logic features; the immunoreactivity for CD34, bcl-2 protein, and 
CD99; and the absence of reactivity to other antibodies are useful 
for establishing the diagnosis of SFT. There may be an overlap with 
the histologic, ultrastructural, and immunohistochemical features of 
hemangiopericytoma, but SFTs lack of pericyte-like cells on electron 
microscopy, lack of MSA expression, and greater collagen production 
exclude hemangiopericytoma. In addition, the absence of a biphasic 
appearance, lack of atypia in the spindle cell component, and lack of 
evidence of epithelial differentiation on immunohistochemical analysis 
all make the diagnosis of sarcomatoid RCC highly unlikely.'** Finally, 
an angiomyolipoma rarely consists almost entirely of spindle cells; 


Figure 13-44. Solitary fibrous tumor of the kidney. Bcl-2 immunohistochemical stain 
is positive in the spindle cells. (Microphotograph courtesy of Dr. G. MacLennan, Depart- 
ment of Pathology, Case Western Reserve University.) 


however, when it does, positivity for HMB-45 and negative staining for 
CD34 help to distinguish it from SFT. 


Treatment and Prognosis 

Most reported cases of SFTs have been treated by nephrectomy because 
definitive preoperative diagnosis remains unlikely. Most preoperative 
assessments mistake renal SFTs for RCC or other high-grade malig- 
nancies. All reported primary renal SFTs, except for one case, have 
behaved in a benign manner, and no recurrence or metastasis has been 
documented. In the one reported case of malignant SFT, the patient 
developed pulmonary metastases.'” 


Leiomyosarcoma 


Incidence and Demographics 

Leiomyosarcomas are the most common of the primary sarcomas 
of the kidney, accounting for 50% to 60% of cases.*'°'** They are 
most frequently seen in adults, and there does not appear to be an 
association between the patient's sex and the development of renal 
leiomyosarcomas. 


Localization and Clinical Manifestations 

Leiomyosarcoma may arise from the renal capsule, muscularis propria 
of the renal pelvis, or the large renal veins.’ The clinical presenta- 
tions of renal leimyosarcoma include flank pain, hematuria, and mass, 
all of which are similar to those of RCC. 


Radiologic Features and Gross Pathology 

Radiologically, the tumor is a dense, solid mass that cannot be distin- 
guished from RCC.“ On gross examination, leiomyosarcoma often 
appears as a large, solid mass with a gray-white cut surface and variable 
areas of hemorrhage and necrosis. Leiomyosarcoma can be predomi- 
nantly cortical, medullary, or extrarenal. 


Histopathology 

Microscopically, leiomyosarcomas are composed of a compact growth 
of spindle cells with fascicular, plexiform, or haphazard growth 
patterns (Figs. 13-45 to 13-48). Higher-grade leiomyosarcomas are 
composed of tumor cells with highly pleomorphic cells and frequent 
mitoses or necrosis. 
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Figure 13-47. Leiomyosarcoma of the kidney. Pleomorphic spindle cells with an 
entrapped renal tubule. 


surround an entrapped glomerulus. 


Differential Diagnosis 

The differential diagnosis includes other sarcomas, sarcomatoid 
RCC or urothelial carcinoma, synovial sarcoma, and epithelioid 
angiomyolipoma. 


Ancillary Diagnostic Studies 
Using immunohistochemical stains, leiomyosarcoma cells are strongly 
positive for desmin and actin. 


Treatment and Prognosis 

The treatment of choice for patients with leiomyosarcoma is complete 
surgical resection. However, the prognosis for patients with these 
tumors is poor, with a 5-year overall survival rate of 29% to 36%. 


Hemangiopericytoma 

Incidence and Demographics 

Approximately 30 cases of renal hemangiopericytoma have been 
reported in the medical literature. The mean patient age in the reported 
cases was 40 years (range, 18-68 years). 


Localization and Clinical Manifestations 

Most renal hemangiopericytomas occur in either the renal sinus and 
perinephric tissue or the renal parenchyma.’**'”’ In rare cases, para- 
neoplastic syndromes, such as hypoglycemia'**"” or hypertension,’”"”! 
have been reported in association with renal hemangiopericytoma. 


Radiologic Features and Gross Pathology 

No specific radiologic features distinguish this type of tumor from 
other renal neoplasms. On gross pathologic examination, renal heman- 
giopericytomas often appear as a bulky, firm mass. 


Histopathology 

Microscopically, these tumors are composed of a cellular proliferation 
of fusiform or spindle cells with numerous staghorn-like vessels. The 
tumor cells are relatively monotonous, with rare or no mitoses. 


Differential Diagnosis 

The differential diagnosis often includes SFT and juxtaglomerular cell 
tumor. The distinction from the latter is critical because of the higher 
mortality rate associated with juxtaglomerular cell tumors. 


Nonepithelial Neoplasms of the Kidney 


Ancillary Diagnostic Studies 
Using immunohistochemical stains, hemangiopericytoma cells are 
positive for CD34 but negative for CD31 and actin. 


Treatment and Prognosis 

The treatment of choice for renal hemangiopericytomas is complete 
surgical resection of the tumor. Radiotherapy and chemotherapy have 
not been reported to have a benefit when used as adjuvant therapy. 
Behavior of renal hemangiopericytomas is often difficult to predict. 
Unlike for many other tumors, neither the size nor encapsulation status 
of the tumor has been proven to be prognostically significant. Some 
patients with renal hemangiopericytomas experience recurrences and 
metastasis, which sometimes leads to death.'*?**"° 


Angiosarcoma 


Incidence and Demographics 

Less than 30 cases of renal angiosarcoma have been documented in the 
medical literature." The mean patient age was 58 years (range, 
24-77 years). This type of tumor occurs in men more often than in 
women, with a ratio of 19:4. 


Localization and Clinical Manifestations 
The typical clinical presentations are flank pain, hematuria, and pal- 
pable mass. Most renal angiosarcomas occur near the renal capsule. 


Radiologic Features and Gross Pathology 
On gross pathologic examination, renal angiosarcomas appear as an 
ill-defined hemorrhagic mass. 


Histopathology 

Microscopically renal angiosarcomas have the same features as angio- 
sarcomas at other sites. Renal angiosarcomas are composed of irregular 
anastomosing vascular channels lined by spindle, rounded, or pleo- 
morphic cells (Figs. 13-49 to 13-54). In addition, variable bizarre nuclei 
or multinucleated cells can be seen. High-grade areas are composed of 
large, solid sheets of epithelioid cells. 


Differential Diagnosis 

The differential diagnosis of high-grade renal angiosarcoma includes 
all other sarcomas of the kidney, such as sarcomatoid RCC and uro- 
thelial carcinoma, synovial sarcoma, and leiomyosarcoma. 


vascular channels with atypical cells (lower right corner) in the kidney (upper left corner). 


Figure 13-51. Primary angiosarcoma of the kidney. Intermediate-power view shows 
vascular channels lined by atypical cells with adjacent atypical spindle cells. 


Figure 13-52. Primary angiosarcoma of the kidney. High-power view shows a vascular 
channel lined by atypical cells with adjacent atypical spindle cells. 
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Figure 13-53. Primary angiosarcoma of the kidney. High-power view shows numer- 
ous small vascular channels lined by atypical cells with adjacent atypical spindle cells. 


ous vascular channels lined by atypical cells with adjacent atypical spindle cells. 


Ancillary Diagnostic Studies 

Immunohistochemical stains may be necessary for a definitive diagno- 
sis; renal angiosarcoma cells are positive for factor VIII, CD31, and 
CD34 (Fig. 13-55). 


Treatment and Prognosis 

The prognosis for patients with renal angiosarcoma is poor, with 
frequent hematogenous spread and a mean survival time of 7.7 
months. 


Primary Renal Synovial Sarcoma 


Incidence and Demographics 

Only a few dozen cases of primary synovial sarcoma of the kidney have 
been reported,™®"® since Faria and colleagues first described this 
tumor in 1999.'° The mean patient age in the reported cases was 35 
years (range, 12-59 years), and this sarcoma occurs in men more often 
than in women, with a ratio of 1.7:1. 


nohistochemical stain, which highlights the numerous vascular channels and atypical 
cells (lower right corner) in the kidney (upper left corner). 
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Figure 13-56. Monophasic synovial sarcoma of the kidney with closely packed short 
spindle cells entrapping renal tubules. 


Radiologic Features and Gross Pathology 

On gross examination, renal synovial sarcomas often appear as large, 
solid masses frequently associated with focal necrosis and smooth- 
walled cysts. 


Histopathology 

Primary renal synovial sarcomas may display either a monophasic or 
a biphasic pattern. The monophasic pattern in primary renal synovial 
sarcoma is more common and tends to have a better prognosis than 
the biphasic type. Microscopically, these tumors demonstrate a solid 
growth pattern with intersecting fascicles of closely packed short 
spindle cells with focal hemangiopericytoma-like pattern (Fig. 13-56 
and 13-57). Hypocellular myxoid areas, collagenous fibrosis, or calci- 
fication may also be found. In addition, cases of synovial sarcoma with 
rhabdoid features have recently been described.'” 


Differential Diagnosis 
The differential diagnosis of renal synovial sarcoma includes adult 
nephroblastoma (Wilms tumor), clear cell sarcoma of the kidney, 


Nonepithelial Neoplasms of the Kidney 


closely packed short spindle cells. An entrapped renal tubule is present in the right lower 
corner. 


primitive neuroectodermal tumor of the kidney, congenital mesoblas- 
tic nephroma, sarcomatoid RCC, and undifferentiated carcinoma. In 
most cases, these alternatives are relatively easy to rule out based on 
the histologic findings and immunohistochemical profile. However, to 
confirm the diagnosis of renal synovial sarcoma, documentation of the 
X18 translocation and SYT-SSX gene fusion will be necessary. 


Ancillary Diagnostic Studies 

Immunohistochemical staining may be helpful for diagnosing renal 
synovial sarcomas. The spindle cells are strongly and uniformly immu- 
noreactive for vimentin. Pan-cytokeratin, epithelial membrane antigen, 
CD56, bcl-2, and CD99 are typically positive. Smooth-muscle actin, 
desmin, S-100 protein, and CD34 stains are negative. ™™!® Using 
reverse-transcriptase polymerase chain reaction (RT-PCR), the pres- 
ence of an SYT-SSX gene fusion resulting from the X;18 translocation 
has been demonstrated; this finding is characteristic of synovial 
sarcomas. !7™!161162 


Treatment and Prognosis 

The treatment of primary renal synovial sarcomas usually involves 
surgery and chemotherapy, including ifosfamide-containing regimens. 
Current information on the prognosis of patients with renal synovial 
sarcomas is limited, but some tumors have been reported to respond 
to chemotherapy. 


Primary Neuroectodermal Tumor/Ewing Sarcoma 
of the Kidney 


Incidence and Demographics 

Primary neuroectodermal tumors (PNETs)/Ewing sarcomas are rare 
primary tumors of the kidney, with less than 100 cases reported. The 
mean patient age in the reported cases was 27 years (range, 4-69 years), 
and these tumors appear to occur more often in men.’*'® 


Radiologic Features and Gross Pathology 

On gross pathologic examination, PNET/Ewing sarcomas often appear 
as large, well-circumscribed but unencapsulated masses. Cut sections 
show a grayish-tan to white lobulated appearance with areas of hemor- 
rhage and necrosis. 


Histopathology 

On microscopic examination, these tumors are composed of sheets of 
relatively monotonous small, round-to-polygonal cells with round 
hyperchromatic nuclei and small nucleoli. The chromatin is often finely 
dispersed. Cohesive lobules, rosettes, and perivascular cellular conden- 
sation may be prominent in some cases (Figs. 13-58 and 13-59). 


Differential Diagnosis 

The differential diagnosis of renal PNET/Ewing sarcoma includes 
rhabdomyosarcoma, Wilms tumor, small-cell neuroendocrine carci- 
noma, neuroblastoma, sarcomatoid RCC, and lymphoma. Immunohis- 
tochemical stains and molecular studies are often necessary to make a 
definitive diagnosis. 


Ancillary Diagnostic Studies 

On immunohistochemical analysis, PNET and Ewing sarcoma cells 
are often positive for vimentin and CD99. In addition, almost all of 
the reported cases have shown the (11;22)(q24;q12) translocation, 
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view shows rosettes of basophilic tumor cells. (Microphotograph courtesy of Dr. G. 
MacLennan, Department of Pathology, Case Western Reserve University.) 
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Figure 13-59. Primiti 


of the kidney. Intermediate- 
power view shows sheets of small basophilic tumor cells. (Microphotograph courtesy 
of Dr. G. MacLennan, Department of Pathology, Case Western Reserve University.) 
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resulting in the fusion transcript EWS-FLI1, which can be detected by 
RT-PCR. A variant translocation of EWS with other ETS-related onco- 
genes has also been reported." 


Treatment and Prognosis 

The most important prognostic factor in patients with renal PNET/ 
Ewing sarcoma is the stage of the tumor. However, despite aggressive 
treatment with surgery, chemotherapy, and radiation therapy, the prog- 
nosis of patients with these tumors remains poor. 


Malignant Fibrous Histiocytoma 


Approximately 50 cases of primary renal malignant fibrous histiocy- 
toma (MFH) have been reported.’ Most MFHs are bulky tumors 
with extrarenal extension, and some are considered to arise from the 
renal capsule.’”"'”* No association between the patient’s sex and the 
development of MFH has been reported. MFHs often occur in older 
adults. A definitive diagnosis can be made only after ruling out sarco- 
matoid RCC, sarcomatoid urothelial carcinoma, and renal leiomyo- 
sarcoma by extensively sampling the tumor to identify any epithelial 
component and performing immunohistochemical analysis to docu- 
ment strong smooth-muscle proliferation with smooth-muscle actin. 
Morphologically MFHs are composed of pleomorphic tumor cells that 
grow in short fascicles or in a storiform or haphazard arrangement. 
Myxoid areas may also be present. The prognosis for patients with 
MFH is universally poor, even after surgical resection. 


Osteosarcoma 


Primary renal osteosarcomas are exceedingly rare, with fewer than 20 
well-documented cases reported in the literature.'”*’”” Renal osteosar- 
comas appear to occur in patients older than age 40 years, and there 
does not appear to be an association between the patient's sex and the 
development of renal osteosarcoma. The pathogenesis of renal osteo- 
sarcoma and its relationship with sarcomatoid RCC or urothelial car- 
cinoma is still unclear. In one report, the renal osteosarcoma diagnosis 
was suggested preoperatively by a marked elevation of serum alkaline 
phosphatase in the absence of bone disease.'” Histologically, renal 
osteosarcomas are composed of pleomorphic spindle or epithelioid 
cells with neoplastic osteoid or bone formation. In addition, multi- 
nucleated giant tumor cells are often present. The chief differential 
diagnosis includes osteoid formation in sarcomatoid RCC or urothelial 
carcinoma and osteosarcoma metastasis. To rule out sarcomatoid car- 
cinoma, adequate sampling and careful examination for epithelial 
components is necessary. Renal osteosarcomas have a strong tendency 
to recur locally and spread to distant sites. Almost all patients with 
renal osteosarcomas present with advanced-stage disease, and their 
prognosis is generally poor. 


References 


. Morgan GS, Straumfjord JV, Hall EJ. Angiomyolipoma of the kidney. J Urol. 1951;65:525. 
2. Eble JN. Angiomyolipoma of kidney. Semin Diagn Pathol. 1998;15:21. 
3. Bernstein J, Robbins TO, Kissane JM. The renal lesions of tuberous sclerosis. Semin Diagn 
Pathol. 1986;3:97. 
4. Fujii Y, Ajima J, Oka K, et al. Benign renal tumors detected among healthy adults by abdominal 
ultrasonography. Eur Urol. 1995;27:124. 
. Martignoni G, Bonetti F, Pea M, et al. Renal disease in adults with TSC2/PKD1 contiguous 
gene syndrome. Am J Surg Pathol. 2002;26:198. 
6. Steiner MS, Goldman SM, Fishman EK, et al. The natural history of renal angiomyolipoma. 
J Urol. 1993:150:1782. 
7. Martignoni G, Amin MB. Angiomyolipoma. In: Eble J, Sauter G, Epstein J, et al, eds. Pathology 
and Genetics of Tumors of the Urinary System and Male Genital Organs. Lyon, France: IARC 
Press; 2004:65-67. 


wo 


36. 


37. 


38. 


39. 


40. 


41. 


. Hardman JA, McNicholas TA, Kirkham N, et al. Recurrent renal angiomyolipoma associated 


with renal carcinoma in a patient with tuberous sclerosis. Br J Urol. 1993;72:983. 


. Huang JK, Ho DM, Wang JH, et al. Coincidental angiomyolipoma and renal cell carcinoma— 


report of 1 case and review of literature. J Urol. 1988;140:1516. 


. Chen SS, Lin AT, Chen KK, et al. Renal angiomyolipoma—experience of 20 years in Taiwan. Eur 


Urol. 1997;32:175. 


. De Luca S, Terrone C, Rossetti SR. Management of renal angiomyolipoma: a report of 53 


cases. Br J Urol Int. 1999;83:215. 


. Lee JD, Chang HC, Chu SH, et al. Massive retroperitoneal hemorrhage from spontaneous 


rupture of a renal angiomyolipoma during pregnancy. A case report. J Reprod Med. 1994; 
39:477. 


. Nokes SR, Robbins KV, Sulieman JS. Radiological case of the month. Renal angiomyolipoma 


with perinephric hemorrhage. J Ark Med Soc. 1997;94:311. 

Bissler JJ, Kingswood JC. Renal angiomyolipomata. Kidney Int. 2004;66:924. 

Kerr LA, Blute ML, Ryu JH, et al. Renal angiomyolipoma in association with pulmonary 
lymphangioleiomyomatosis: forme fruste of tuberous sclerosis? Urology. 1993;41:440. 
amboli P, Ro JY, Amin MB, et al. Benign tumors and tumor-like lesions of the adult kidney. 
Part Il: Benign mesenchymal and mixed neoplasms, and tumor-like lesions. Adv Anat Pathol. 
2000;7:47. 
awfik O, Austenfeld M, Persons D. Multicentric renal angiomyolipoma associated with 
pulmonary lymphangioleiomyomatosis: case report, with histologic, immunohistochemical, 
and DNA content analyses. Urology. 1996;48:476. 


. Casper KA, Donnelly LF, Chen B, et al. Tuberous sclerosis complex: renal imaging 


indings. Radiology. 2002;225:451. 


. Webb DW, Kabala J, Osborne JP. A population study of renal disease in patients with tuberous 


sclerosis. Br J Urol. 1994;74:151. 


. Paivansalo M, Lahde S, Hyvarinen S, et al. Renal angiomyolipoma. Ultrasonographic, CT, 


angiographic, and histologic correlation. Acta Radiol. 1991;32:239. 


. Pretorius ES, Wickstrom ML, Siegelman ES. MR imaging of renal neoplasms. Magn Reson 


Imaging Clin N Am. 2000;8:813. 


. Grignon DJ, Ro JY, Ayala AG. Mesenchymal Tumors of the Kidney. New York: Churchill 


Livingstone; 1990. 


. Price Jr EB, Mostofi FK. Symptomatic angiomyolipoma of the kidney. Cancer. 1965;18:761. 
. Chen SS, Lin AT, Chen KK, et al. Renal angiomyolipoma with extension into renal vein. Br J 


Urol. 1996;77:927. 


. Hibi H, Takashi M, Yamada Y, et al. Angiomyolipoma of the kidney with extension into the 


inferior vena cava. Int J Urol. 1995;2:332. 


. Schade GR, Gofrit ON, Zorn KC. Renal angiomyolipoma with intravascular extension into the 


inferior vena cava: a case report and review of the literature. Can J Urol. 2008; 15:4012. 
Leung C, Srigley J, Stone C. Epithelial tubules, cysts, and neoplasms in renal angiomyolipoma 
(AML): a study of 32 cases. Modern Pathol. 1998;11:87A. 


. Ro JY, Ayala AG, el-Naggar A, et al. Angiomyolipoma of kidney with lymph node involvement. 


DNA flow cytometric analysis. Arch Pathol Lab Med. 1990;114:65. 


. Anderson AE, Yang X, Young RH. Epithelioid angiomyolipoma of the ovary: a case report and 


iterature review. Int J Gynecol Pathol. 2002;21:69. 

Li T, Wang L, Yu HH, et al. Hepatic angiomyolipoma: a retrospective study of 25 cases. Surg 
Today. 2008;38:529. 

ang P, Alhindawi R, Farmer P. Case report: primary isolated angiomyolipoma of the spleen. 
Ann Clin Lab Sci. 2001;31:405. 


. Bloom DA, Scardino PT, Ehrlich RM, et al. The significance of lymph nodal involvement in renal 


angiomyolipoma. J Urol. 1982;128:1292. 


. Hulbert JC, Graf R. Involvement of the spleen by renal angiomyolipoma: metastasis or 


multicentricity? J Urol. 1983;130:328. 
allarigo C, Baldassarre R, Bianchi G, et al. Diagnostic and therapeutic problems in multicentric 
renal angiomyolipoma. J Urol. 1992;148:1880. 


. Delgado R, de Leon Bojorge B, Albores-Saavedra J. Atypical angiomyolipoma of the kidney: a 


distinct morphologic variant that is easily confused with a variety of malignant neoplasms. 
Cancer. 1998;83:1581. 
Ashfaq R, Weinberg AG, Albores-Saavedra J. Renal angiomyolipomas and HMB-45 reactivity. 
ncer. 1993:71:3091. 
sch PA, Fetsch JF, Marincola FM, et al. Comparison of melanoma antigen recognized by 
cells (MART-1) to HMB-45: additional evidence to support a common lineage for 
angiomyolipoma, lymphangiomyomatosis, and clear cell sugar tumor. Mod Pathol. 1998; 
1:699. 
ungbluth AA, Busam KJ, Gerald WL, et al. A103: An anti-melan-A monoclonal antibody for 
he detection of malignant melanoma in paraffin-embedded tissues. Am J Surg Pathol. 1998; 
22:595. 
Pea M, Bonetti F, Zamboni G, et al. Melanocyte-marker HMB-45 is regularly expressed in 
angiomyolipoma of the kidney. Pathology. 1991;23:185. 

Zavala-Pompa A, Folpe AL, Jimenez RE, et al. Immunohistochemical study of microphthalmia 
ranscription factor and tyrosinase in angiomyolipoma of the kidney, renal cell carcinoma, and 
renal and retroperitoneal sarcomas: comparative evaluation with traditional diagnostic 
markers. Am J Surg Pathol. 2001;25:65. 

L'Hostis H, Deminiere C, Ferriere JM, et al. Renal angiomyolipoma: a clinicopathologic, 
immunohistochemical, and follow-up study of 46 cases. Am J Surg Pathol. 1999;23:1011. 


D 


Ey 


Nonepithelial Neoplasms o 


42. 


43. 


44, 


45. 


46. 


47. 


48. 


49. 


50. 


Si; 


52. 


53: 


54. 


55. 


56. 


5h. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 
73. 


74, 


Kimura N, Watanabe M, Date F, et al. HMB-45 and tuberin in hamartomas associated with 
uberous sclerosis. Mod Pathol. 1997;10:952. 

Plank TL, Logginidou H, Klein-Szanto A, et al. The expression of hamartin, the product of the 
TSC1 gene, in normal human tissues and in TSC1- and TSC2-linked angiomyolipomas. Mod 
Pathol. 1999;12:539. 

erris B, Flejou JF, Picot R, et al. Hepatic angiomyolipoma. A report of four cases with 
immunohistochemical and DNA-flow cytometric studies. Arch Pathol Lab Med. 1996;120:68. 
Perez-Atayde AR, Iwaya S, Lack EE. Angiomyolipomas and polycystic renal disease in tuberous 
sclerosis. Ultrastructural observations. Urology. 1981;17:607. 

Kaiserling E, Krober S, Xiao JC, et al. Angiomyolipoma of the kidney. Immunoreactivity with 
HMB-45. Light- and electron-microscopic findings. Histopathology. 1994;25:41. 

Mukai M, Torikata C, Iri H, et al. Crystalloids in angiomyolipoma. 1. A previously unnoticed 
phenomenon of renal angiomyolipoma occurring at a high frequency. Am J Surg Pathol. 
1992:16:1. 
Roach ES, Gomez MR, Northrup H. Tuberous sclerosis complex consensus conference: revised 
clinical diagnostic criteria. J Child Neurol. 1998;13:624. 

van Slegtenhorst M, de Hoogt R, Hermans C, et al. Identification of the tuberous sclerosis 
gene TSC1 on chromosome 9934. Science. 1997;277:805. 

European Chromosome 16 Tuberous Sclerosis Consortium. Identification and characterization 
of the tuberous sclerosis gene on chromosome 16. Cell. 1993;75:1305. 

Knowles MA, Hornigold N, Pitt E. Tuberous sclerosis complex (TSC) gene involvement in 
sporadic tumours. Biochem Soc Trans. 2003;31:597. 

Carbonara C, Longa L, Grosso E, et al. Apparent preferential loss of heterozygosity at TSC2 
over TSC1 chromosomal region in tuberous sclerosis hamartomas. Genes Chromosomes 
Cancer. 1996;15:18. 
Lau WK, Blute ML, Weaver AL, et al. Matched comparison of radical nephrectomy vs. nephron- 
sparing surgery in patients with unilateral renal cell carcinoma and a normal contralateral 
kidney. Mayo Clin Proc. 2000;75:1236. 

Uzzo RG, Novick AC. Nephron sparing surgery for renal tumors: indications, techniques and 
outcomes. J Urol. 2001;166:6. 

Blute ML, Malek RS, Segura JW. Angiomyolipoma: clinical metamorphosis and concepts for 
management. J Urol. 1988;139:20. 

Kennelly MJ, Grossman HB, Cho KJ. Outcome analysis of 42 cases of renal angiomyolipoma. 
J Urol. 1994;152:1988. 

Han YM, Kim JK, Roh BS, et al. Renal angiomyolipoma: selective arterial embolization— 
effectiveness and changes in angiomyogenic components in long-term follow-up. Radiology. 
1997:204:65. 

Nelson CP, Sanda MG. Contemporary diagnosis and management of renal angiomyolipoma. 
J Urol. 2002;168:1315. 

Soulen MC, Faykus Jr MH, Shlansky-Goldberg RD, et al. Elective embolization for prevention 
of hemorrhage from renal angiomyolipomas. J Vasc Interv Radiol. 1994;5:587. 

Thompson RH, Leibovich BC, Lohse CM, et al. Complications of contemporary open nephron 
sparing surgery: a single institution experience. J Urol. 2005;174:855. 

Eble JN, Amin MB, Young RH. Epithelioid angiomyolipoma of the kidney: a report of five cases 
with a prominent and diagnostically confusing epithelioid smooth muscle component. Am J 
Surg Pathol. 1997;21:1123. 

Amin MB. Epithelioid angiomyolipoma. In: Eble J, Sauter G, Epstein J, et al, eds. Pathology 
and Genetics of Tumors of the Urinary System and Male Genital Organs. Lyon: IARC Press; 
2004:68. 

Acikalin MF, Tel N, Oner U, et al. Epithelioid angiomyolipoma of the kidney. Int J Urol. 
2005;12:204. 

Cho NH, Shim HS, Choi YD, et al. Estrogen receptor is significantly associated with the 
epithelioid variants of renal angiomyolipoma: a clinicopathological and immunohistochemical 
study of 67 cases. Pathol Int. 2004;54:510. 

Kawaguchi K, Oda Y, Nakanishi K, et al. Malignant transformation of renal angiomyolipoma: 
a case report. Am J Surg Pathol. 2002;26:523. 

Ma L, Kowalski D, Javed K, et al. Atypical angiomyolipoma of kidney in a patient with tuberous 
sclerosis: a case report with p53 gene mutation analysis. Arch Pathol Lab Med. 2005;129:676. 
Pea M, Bonetti F, Martignoni G, et al. Apparent renal cell carcinomas in tuberous sclerosis are 
heterogeneous: the identification of malignant epithelioid angiomyolipoma. Am J Surg Pathol. 
1998;22:180. 

Bjornsson J, Short MP, Kwiatkowski DJ, et al. Tuberous sclerosis-associated renal cell 
carcinoma. Clinical, pathological, and genetic features. Am J Pathol. 1996;149:1201. 
Martignoni G, Pea M, Bonetti F, et al. Carcinomalike monotypic epithelioid angiomyolipoma 
in patients without evidence of tuberous sclerosis: a clinicopathologic and genetic study. 
Am J Surg Pathol. 1998;22:663. 

Cibas ES, Goss GA, Kulke MH, et al. Malignant epithelioid angiomyolipoma (sarcoma ex 
angiomyolipoma) of the kidney: a case report and review of the literature. Am J Surg Pathol. 
2001;25:121. 
Radin R, Ma Y. Malignant epithelioid renal angiomyolipoma in a patient with tuberous 
sclerosis. J Comput Assist Tomogr. 2001;25:873. 

Gobbo S, Eble JN, Huang J, et al. Schwannoma of the kidney. Mod Pathol. 2008;21:779. 
Fass G, Hossey D, Nyst M, et al. Benign retroperitoneal schwannoma presenting as colitis: a 
case report. World J Gastroenterol. 2007;13:5521. 

Naslund MJ, Dement S, Marshall FF. Malignant renal schwannoma. Urology. 1991;38:477. 


15. 
76. 


. Honma |, Takagi Y, Shigyo M, et al. 
. Attwood HD, Grieve J. Solitary multilocular cyst of the kidney. Br J Urol. 1958;30:78. 
. Leder RA. Genitourinary case of the day. Renal lymphangiomatosis. Am J Roentgenol. 1995; 


. Grignon DJ, Ayala AG, Ro JY, et al. 


. Zaidi SZ, 


Romics |, Bach D, Beutler W. Malignant schwannoma of kidney capsule. Urology. 1992;40:453. 
Alvarado-Cabrero |, Folpe AL, Srigley JR, et al. Intrarenal schwannoma: a report of four cases 
including three cellular variants. Mod Pathol. 2000;13:851. 


. Singer DR, Miller JD, Smith G. Lymphangioma of kidney. Scot Med J. 1983;28:293. 
. Kitagawa K, Yamahana T, Hirano S, et al. MR imaging of neurilemoma arising from the renal 


hilus. J Comput Assist Tomogr. 1990;14:830. 


. Tsurusaki M, Mimura F, Yasui N, et al. Neurilemoma of the renal capsule: MR imaging and 


pathologic correlation. Fur Radiol. 2001;11:1834. 


. Kim SH, Choi BI, Han MC, et al. Retroperitoneal neurilemoma: CT and MR findings. Am J 


Roentgenol. 1992;159:1023. 


. Scheithauer BW, Erlandson RA, Woodruff JM. Tumors of the Peripheral Nervous System. 


Washington, DC: American Forces Institute of Pathology; 1999. 
Lymphangioma of the kidney. Int J Urol. 2002;9:178. 


165:197. 


Primary sarcomas of the kidney. A clinicopathologic and 
DNA flow cytometric study of 17 cases. Cancer. 1990;65:1611. 


. Pickering SP, Fletcher BD, Bryan PJ, et al. Renal lymphangioma: a cause of neonatal 


nephromegaly. Pediatr Radiol. 1984;14:445. 


. Blumhagen JD, Wood BJ, Rosenbaum DM. Sonographic evaluation of abdominal 


lymphangiomas in children. J Ultrasound Med. 1987;6:487. 


. Pui MH, Li ZP, Chen W, et al. Lymphangioma: imaging diagnosis. Australas Radiol. 1997; 


41:324. 


. Anderson C, Knibbs DR, Ludwig ME, et al. Lymphangioma of the kidney: a pathologic entity 


distinct from solitary multilocular cyst. Hum Pathol. 1992;23:465. 


. Nakai Y, Namba Y, Sugao H. Renal lymphangioma. J Urol. 1999;162:484. 
. Caduff RF, Schwobel MG, Willi UV, et al. Lymphangioma of the right kidney in an infant 


boy. Pediatr Pathol Lab Med. 1997;17:631. 


. Debiec-Rychter M, Kaluzewski B, Saryusz-Wolska H, et al. A case of renal lymphangioma with 


a karyotype 45,X,-X,i dic(7q). Cancer Genet Cytogenet. 1990;46:29. 


. Zapzalka DM, Krishnamurti L, Manivel JC, et al. Lymphangioma of the renal capsule. J Urol. 


2002;168:220. 


. Ogita S, Tsuto T, Tokiwa K, et al. Intracystic injection of OK-432: a new sclerosing therapy for 


cystic hygroma in children. Br J Surg. 1987;74:690. 


. Steiner M, Quinlan D, Goldman SM, et al. Leiomyoma of the kidney: presentation of 4 new 


cases and the role of computerized tomography. J Urol. 1990;143:994. 


. Shum CF, Yip SK, Tan PH. Symptomatic renal leiomyoma: report of two cases. Pathology. 


2006;38:454, 


. Dionne JM, Carter JE, Matsell D, et al. Renal leiomyoma associated with Epstein-Barr virus in 


a pediatric transplant patient. Am J Kidney Dis. 2005;46:351. 


. Dittrich A, Vandendris M. Giant leiomyoma of the kidney. Eur Urol. 1990;17:93. 
. Mohammed AY, Matthew L, Harmse JL, et al. Multiple leiomyoma of the renal capsule. Scand 


J Urol Nephrol. 1999;33:138. 


. Woo HH, Farnsworth RH. Renal leiomyoma. Br J Urol. 1994;74:525. 
. Shimokama T, Watanabe T. Leiomyoma exhibiting a marked granular change: granular cell 


leiomyoma versus granular cell schwannoma. Hum Pathol. 1992;23:327. 


. Hayasaka K, Amoh K, Hashimoto H, et al. Evaluation of renal and perirenal leiomyoma on 


US, CT, and angiography. Radiat Med. 1993;11:81. 


. Costello P, Zinman L, Michaud J. The angiography of intrarenal leiomyoma. J Can Assoc Radiol. 


1978;29:134. 


. Clinton-Thomas CL. A giant leiomyoma of the kidney. Br J Surg. 1956;43:497. 
. Gold RP, Thayaparan R, Romas N. Myxomatous degeneration of renal capsular leiomyoma. 


Am J Roentgenol. 1993;161:978. 


. Kuroda N, Inoue Y, Taguchi T, et al. Renal leiomyoma: an immunohistochemical, ultrastructural 


and comparative genomic hybridization study. Histo! Histopathol. 2007;22:883. 


. Bonsib, SM. HMB-45 reactivity in renal leiomyomas and leiomyosarcomas. Mod Pathol. 


996;9:664. 


. Carpenter PM, Mascarello JT, Krous HF, et al. Congenital mesoblastic nephroma: cytogenetic 


comparison to leiomyoma. Pediatr Pathol. 1993;13:435. 
sujimura A, Miki T, Sugao H, et al. Renal leiomyoma associated with tuberous sclerosis. Urol 
Int. 1996;57:192. 


. Krishnan R, Freeman JA, Creager AJ. Epstein-Barr virus induced renal leiomyoma. J Urol. 


999;161:212. 


. Romero FR, Kohanim S, Lima G, et al. Leiomyomas of the kidney: emphasis on conservative 


diagnosis and treatment. Urology. 2005;66:1319. 

Petersen RO. Mesenchymal neoplasms of the kidney. Philadelphia: Lippincott; 1986. 

ahn H, Nissen HM. Haemangioma of the urinary tract: review of the literature. Br J Urol. 
991;68:113. 

or Y, Scheimberg |, et al. Renal haemangioma presenting as an abdominal mass 
in a neonate. Br J Urol. 1998;82:763. 


. Akel SR, Rassi A, Tawil A, et al. Isolated renal haemangioma in children: presentation and 


management. Br J Urol Int. 2002;90:758. 


. Hull GW 3rd, Genega EM, Sogani PC. Intravascular capillary hemangioma presenting as a 


solid renal mass. J Urol. 1999; 162:784. 


289 


290 


23. 


24. 


25. 


26. 


27. 


28. 


29. 
30. 


3il: 


32: 


33. 


34. 


35: 


36. 
37: 


38. 


39. 


. Grignon DJ, Ro JY, Papadopoulos 


. Gogus C, Kilic S, Ataoglu O, et al. Large cavernous hemangioma of the kidney presenting as 


a solid renal mass. Int Urol Nephrol. 2001;33:615. 


. Haas CA, Resnick MI, Abdul-Karim FW. Cavernous hemangioma presenting as a renal hilar 


mass. J Urol. 1998;160:2139. 


. Okuno T, Ando M, Arisawa C, et al. A case of perirenal hemangioma mimicking renal cell 


carcinoma. Int J Urol. 1999;6:104. 


. Gupta NP, Kumar P, Goel R, et al. Renal sinus hemangioma simulating renal mass: a diagnostic 


challenge. Int Urol Nephrol. 2004;36:485. 


. Moody JA, Litwin MS, Cochran ST, et al. Renal cavernous hemangioma in a patient with the 


acquired immunodeficiency syndrome. J Urol. 1996;156:1759. 


. Moros Garcia M, Martinez Tello D, Ramon y Cajal Junquera S, et al. Multiple cavernous 


hemangioma of the kidney. Eur Urol. 1988; 14:90. 
Geenen RW, Den Bakker MA, Bangma CH, et al. Sonography, CT, and MRI of giant cavernous 
hemangioma of the kidney: correlation with pathologic findings. Am J Roentgenol. 2004; 
82:411. 
ahn H, Rasmussen L, Nissen HM. Hemangioma of the kidney. Urol Int. 1991;46:200. 
Bischoff W, Pohle W, Goerttler U. Treatment of arteriovenous angiomas of the kidney: surgical 
intervention and intra-arterial embolization. J Urol. 1979;122:825. 

Matheson TB, Hatcher PA. Laser-assisted ablation of renal hemangioma. South Med J. 
1995;88:759. 
Fine SW, McCarthy DM, Chan TY, et al. Malignant solitary fibrous tumor of the kidney: report 
of a case and comprehensive review of the literature. Arch Pathol Lab Med. 2006;130:857. 
Kohl SK, Mathews K, Baker J. Renal hilar mass in an 85-year-old woman. Solitary fibrous 
umor. Arch Pathol Lab Med. 2006;130:117. 

Yazaki T, Satoh S, lizumi T, et al. Solitary fibrous tumor of renal pelvis. Int J Urol. 2001;8:504. 
Yamada H, Tsuzuki T, Yokoi K, et al. Solitary fibrous tumor of the kidney originating from the 
renal capsule and fed by the renal capsular artery. Pathol Int. 2004;54:914. 

Wang J, Arber DA, Frankel K, et al. Large solitary fibrous tumor of the kidney: report of two 
cases and review of the literature. Am J Surg Pathol. 2001;25:1194. 

Yamaguchi T, Takimoto T, Yamashita T, et al. Fat-containing variant of solitary fibrous tumor 
(lipomatous hemangiopericytoma) arising on surface of kidney. Urology. 2005;65:175. 
Chan JK. Solitary fibrous tumour—everywhere, and a diagnosis in vogue. Histopathology. 
1997;31:568. 

England DM, Hochholzer L, McCarthy MJ. Localized benign and malignant fibrous tumors of 
the pleura. A clinicopathologic review of 223 cases. Am J Surg Pathol. 1989;13:640. 

Gelb AB, Simmons ML, Weidner N. Solitary fibrous tumor involving the renal capsule. Am J 
Surg Pathol. 1996;20:1288. 

Kendal WS. The comparative survival of renal leiomyosarcoma. Can J Urol. 2007;14:3435. 
Dotan ZA, Tal R, Golijanin D, et al. Adult genitourinary sarcoma: the 25-year Memorial Sloan- 
Kettering experience. J Urol. 2006;176:2033. 

Vogelzang NJ, Fremgen AM, Guinan PD, et al. Primary renal sarcoma in adults. A natural 
history and management study by the American Cancer Society, Illinois Division. Cancer. 
1993;71:804. 
Brandes SB, Chelsky MJ, Petersen RO, et al. Leiomyosarcoma of the renal vein. J Surg Oncol. 
1996;63:195. 


E, et al. Leiomyosarcoma of renal vein. Urology. 1991; 
38:255. 


. Moudouni SM, En-Nia I, Rioux-Leclerq N, et al. Leiomyosarcoma of the renal pelvis. Scand J 


Urol Nephrol. 2001;35:425. 


. Ng WD, Chan KW, Chan YT. Primary leiomyosarcoma of renal capsule. J Urol. 1985;133:834. 
. Roy C, Pfleger D, Tuchmann C, et al. Small leiomyosarcoma of the renal capsule: CT findings. 


Eur Radiol. 1998;8:224. 


. Shirkhoda A, Lewis E. Renal sarcoma and sarcomatoid renal cell carcinoma: CT and 


angiographic features. Radiology. 1987;162:353. 


. Bowers DL, Te A, Hibshoosh H, et al. Renal hemangiopericytoma. Case report and review of 


the literature. Urol Int. 1995;55:162. 


. Brescia A, Pinto F, Gardi M, et al. Renal hemangiopericytoma: case report and review of the 


literature. Urology. 2008;71:755. 


. Merchan, SH, Mittal BV, Desai MS. Haemangiopericytoma of kidney: a report of 2 cases. 


J Postgrad Med. 1998;44:78. 


. Asa SL, Bedard YC, Buckspan MB, et al. Spontaneous hypoglycemia associated with 


hemangiopericytoma of the kidney. J Urol. 1981;125:864. 


49. 


50. 


51. 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


IJ: 


78. 


. Garg P, Dass BK, Singh S. 


Farrow GM, Harrison EG Jr, Utz DC, et al. Sarcomas and sarcomatoid and mixed malignant 
tumors of the kidney in adults. |. Cancer. 1968;22:545. 

Sasaki H, Tozuka K, Tanaka O, et al. [A case of renal hemangiopericytoma]. Nippon Hinyokika 
Gakkai Zasshi. 1992;83:2090. 
Weiss JP, Pollack HM, McCormick JF, et al. Renal hemangiopericytoma: surgical, radiological 
and pathological implications. J Urol. 1984;132:337. 

Lee HC, Kay S. Hemangiopericytoma: report of a case involving the kidney with an 11-year 
follow up. Ann Surg. 1962;156:125. 

Ordonez NG, Bracken RB, Stroehlein KB. Hemangiopericytoma of kidney. Urology. 1982; 
20:191. 
Allred CD, Cathey WJ, McDivitt RW. Primary renal angiosarcoma: a case report. Hum Pathol. 
1981:12:665. 
Cason JD, Waisman J, Plaine L. Angiosarcoma of kidney. Urology. 1987;30:281. 

Cerilli LA, Huffman HT, Anand A. Primary renal angiosarcoma: a case report with 
immunohistochemical, ultrastructural, and cytogenetic features and review of the literature. 
Arch Pathol Lab Med. 1998;122:929. 

Leggio L, Addolorato G, Abenavoli L, et al. Primary renal angiosarcoma: a rare malignancy. A 
case report and review of the literature. Uro! Oncol. 2006;24:307. 

Mark RJ, Poen JC, Tran LM, et al. Angiosarcoma. A report of 67 patients and a review of the 
iterature. Cancer. 1996;77:2400. 

Argani,P, Faria PA, Epstein JI, et al. Primary renal synovial sarcoma: molecular and morphologic 
delineation of an entity previously included among embryonal sarcomas of the kidney. Am J 
Surg Pathol. 2000;24:1087. 

Faria PA, Argani P, Epstein JI. Primary synovial sarcoma of the kidney: a molecular subset of 
so-called embryonal renal sarcoma (abstract). Modern Pathol. 1999;12:94A. 

un SY, Choi J, Kang GH, et al. Synovial sarcoma of the kidney with rhabdoid features: report 
of three cases. Am J Surg Pathol. 2004;28:634. 

Kim DH, Sohn JH, Lee MC, et al. Primary synovial sarcoma of the kidney. Am J Surg Pathol. 
2000;24:1097. 

imenez RE, Folpe AL, Lapham RL, et al. Primary Ewing's sarcoma/primitive neuroectodermal 
umor of the kidney: a clinicopathologic and immunohistochemical analysis of 11 cases. Am 
J Surg Pathol. 2002;26:320. 
Parham DM, Roloson GJ, Feely M, et al. Primary malignant neuroepithelial tumors of the 
kidney: a clinicopathologic analysis of 146 adult and pediatric cases from the National Wilms’ 
umor Study Group Pathology Center. Am J Surg Pathol. 2001;25:133. 


. Quezado M, Benjamin DR, Tsokos M. EWS/FLI-1 fusion transcripts in three peripheral primitive 


neuroectodermal tumors of the kidney. Hum Pathol. 1997;28:767. 


. Marley EF, Liapis H, Humphrey PA, et al. Primitive neuroectodermal tumor of the kidney— 


another enigma: a pathologic, immunohistochemical, and molecular diagnostic study. Am J 
Surg Pathol. 1997;21:354. 


. Joseph TJ, Becker DI, Turton AF. Renal malignant fibrous histiocytoma. Urology. 1991;37:483. 
. Ptochos A, Karydas G, losifidis N, et al. Primary renal malignant fibrous histiocytoma. A case 


report and review of the literature. Urol Int. 1999;63:261. 


. Tarjan M, Cserni G, Szabo Z. Malignant fibrous histiocytoma of the kidney. Scand J Urol 


Nephrol. 2001;35:518. 


. Eroglu M, Bakirtas H, Cimentepe E, et al. Malignant fibrous histiocytoma arising from the 


renal capsule. Urol Int. 2005;75:368. 


. Gabbert H, Wagner R, Becht E. Malignant fibrous histiocytoma of the renal capsule. J Cancer 


Res Clin Oncol. 1981;100:285. 
alignant fibrous histiocytoma of renal capsule. J Indian Med Assoc. 
1995;93:430. 


. Kitajima K, Kaji Y, Morita M, et al. Malignant fibrous histiocytoma arising from the renal 


capsule. Magn Reson Med Sci. 2003;2:199. 


. Schneider JA, Konig H, Hertel E. Malignant fibrous histiocytoma of the renal capsule. Br J Urol. 


1992;69:435. 


. Biggers R, Stewart J. Primary renal osteosarcoma. Urology. 1979;13:674. 
. Messen S, Bonkhoff H, Bruch M, et al. Primary renal osteosarcoma. Case report and review 


of the literature. Urol Int. 1995;55:158. 

Weingartner K, Gerharz EW, Neumann K, et al. Primary osteosarcoma of the kidney. Case 
report and review of literature. Eur Urol. 1995;28:81. 

Watson R, Kanowski P, Ades C. Primary osteogenic sarcoma of the kidney. Aust NZ J Surg. 
1995;65:622. 


Renal Carcinoma Associated with Xp11.2/TFE3 Gene 
Fusion 291 

Familial Renal Cell Carcinoma Syndromes 294 

Renal Cell Carcinomas Arising in the Context of Hereditary 
Leiomyomatosis and Renal Cell Carcinoma Syndrome 296 

Hybrid Renal Cell Carcinomas/Birt-Hogg-Dube Syndrome 296 

Neuroblastoma-Associated Renal Cell Carcinoma 298 

Mucinous Tubular and Spindle Cell Carcinoma 299 

Cystic Nephroma/Mixed Epithelial and Stromal Tumor of the 
Kidney 300 

Epithelial Neoplasms in End-Stage Renal Disease 303 

Juxtaglomerular Cell Tumor 304 

Hemangiopericytoma/Solitary Fibrous Tumor 305 

Paraganglioma 307 

Renal Carcinoid Tumor 307 

Neuroendocrine Carcinoma/Small-Cell Carcinoma 308 

Germ Cell Tumors 309 


Renal cell neoplasms encompass a broad spectrum of lesions, ranging 
from the more frequent renal cell carcinomas (RCC) to the less 
common mesenchymal, neuroendocrine, and germ cell tumors. As our 
understanding of the molecular basis underlying many renal neo- 
plasms has evolved, subtleties in morphologic features have become 
more critical in the differential diagnosis of many renal neoplasms, 
including translocation carcinomas and carcinomas arising in the 
context of hereditary cancer syndromes. The biological behavior of 
many uncommon entities, such as renal carcinoid tumor, has become 
more evident as larger numbers of cases have been studied. In addition, 
studies that have examined risk factors in the development of renal 
neoplasia, such as long-term dialysis in patients with end-stage renal 
disease (ESRD), have led to new disease-associated entities. Our 
improved knowledge regarding renal neoplasms has resulted in the 
development of new immunohistochemical and cytogenetic markers 
that aid in the diagnosis of these lesions, as well as in the evolution of 
clinical genetic studies to identify patients at risk of hereditary 
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syndromes. In general, however, the most critical component essential 
for the correct diagnosis of renal neoplasms is careful examination of 
morphologic features, and the explanation thereof is a primary focus 
of this chapter. 

Unusual renal neoplasms often prove challenging due to their 
inherent infrequent nature. The rarity of these neoplasms often limits 
our knowledge of risk factors, prognostic indicators, useful adjunct 
techniques, and long-term outcomes. However, progress has been 
made, and our understanding of many of these neoplasms has 
improved tremendously over the past several years. The goal of this 
chapter is to provide a practical guide to the identification and diag- 
nosis of renal neoplasms that are not encompassed under more 
“classic” subtypes and to offer a useful outline of the histopathologic 
and ancillary techniques that may be employed in the proper clas- 
sification of these entities. Although long-term outcomes and treat- 
ment paradigms for many patients with unusual renal neoplasms 
remain unclear, we have attempted to provide a timely summary of 
published data relevant to disease progression and patient survival, 
when available. 


Renal Carcinoma Associated with Xp11.2/TFE3 
Gene Fusion 


Renal carcinoma associated with Xp11.2/TFE3 gene fusion is a distinct 
clinicopathologic entity defined by chromosomal translocations that 
involve the TFE3 gene on chromosome Xp11.2.' 


Incidence and Demographics 

The majority of reported Xp11.2 translocation RCCs occur in children 
and young adults.** Although RCC is rare in this age group, Xp11.2 
translocation RCC makes up a significant proportion (25% to 40%) of 
cases reported in this demographic. This lesion also affects adult 
patients over a wide age range% and may outnumber its pediatric 
counterpart in total number of cases due to the increased frequency of 
renal cancers in the adult population. Although no gender predilection 
is evident in children and young adults, Xp11.2 translocation RCC 
shows a strong female sex predominance in adult patients. 
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Localization and Clinical Manifestations 

As in patients with other types of RCC, patients with Xp11.2 transloca- 
tion RCCs often demonstrate signs and symptoms commonly reported 
in association with renal masses, including hematuria, flank pain, 
and abdominal mass. Patients frequently present at an advanced stage 
with regional lymph node metastasis.** More than 50% of patients with 
this diagnosis are stage IV at diagnosis, often demonstrating distant 
metastases. Several cases have also been reported in patients who 
have received chemotherapy for autoimmune disease or various other 
malignancies, although no systematic study has been performed to 
date to evaluate this association.’ 


Gross Pathology 
Xp11.2 translocation RCC resembles clear cell RCC grossly; these 
lesions are usually tan-yellow, with foci of necrosis and hemorrhage. 


Histopathology 

The histology of these lesions typically varies with the specific associ- 
ated chromosomal translocation (Table 14-1), although the presence 
of a nested architectural pattern containing tumor cells with abundant 
eosinophilic or clear cytoplasm is frequently seen in all forms** 
(Fig. 14-1A). One of the more characteristic translocation carcinomas 
is associated with an ASPL-TFE3 translocation, which demonstrates 
the presence of papillary structures lined by tumor cells containing 
voluminous eosinophilic or clear cytoplasm (see Fig. 14-1B). In these 
cases, cell borders are distinct and the nuclei have vesicular chromatin 
and prominent nucleoli (see Fig. 14-1C). Tumor cells are often 
discohesive, with a resultant alveolar and pseudopapillary appearance. 
Psammomatous calcifications are commonly seen, as are hyaline 
nodules within the fibrovascular cores of pseudopapillae (see Fig. 
14-1D). In contrast to ASPL-TFE3 translocation RCCs, the PRCC- 
TFE3 translocation RCC typically has a more nested and compact 
architecture; fewer papillae, hyaline nodules, and psammomatous 
calcification; and the tumor cells have less abundant cytoplasm. 
The histologic features of RCC associated with other chromosomal 


Table 14-1. Range of Tumors Associated with Xp11.2 Translocations 


translocations are not defined because too few cases have been 
reported. 


Differential Diagnosis 

Any RCC in children and young patients should raise the suspicion of 
an Xp11.2 translocation RCC, especially when the tumor shows 
unusual histologic features. As Xp11.2 translocation RCC often dem- 
onstrates abundant clear or eosinophilic cytoplasm with variable papil- 
lary formation, the differential diagnosis includes high-grade clear cell 
RCC with eosinophilic cytoplasm (formerly granular cell type RCC) 
and papillary RCC. Clear cell RCC is exceedingly rare in patients 
younger than age 25 years, with the exception of patients with von 
Hippel-Lindau disease. In contrast to translocation carcinomas, clear 
cell RCC contains nests of clear cells separated by delicate fibrovascular 
septa, and papillary structures lined by clear cells are rarely seen. Papil- 
lary RCC lacks the alveolar or nested architecture seen in some trans- 
location carcinomas, and clear cells are notably absent. 


Ancillary Diagnostic Studies 

The confirmatory test for the Xp11.2 translocation carcinoma is a posi- 
tive immunostain for TFE3 protein’ (see Fig. 14-1E). The TFE3 protein 
is detected in more than 95% of Xp11.2 translocation RCCs that are 
confirmed at the molecular level. However, several caveats must be 
recognized when performing and interpreting the TFE3 immunos- 
tain." The TFE3 protein is labile and antigenicity is affected by fixation, 
often resulting in more intense immunostaining at the periphery of the 
lesion but weak or absent staining in the center of the lesion. TFE3 
immunostaining is not entirely specific for the Xp11.2 translocation 
RCC, because positive staining, although focal and weak, can be 
detected in a few other tumors, including 29% of perivascular epithe- 
lioid cell tumors of soft tissue and the gynecologic tract (PEComa), 
and rarely in adrenal cortical carcinoma, granular cell tumor, bile duct 
carcinoma, and high-grade myxofibrosarcoma. As an aid in the dif- 
ferential diagnosis of translocation carcinomas, TFE3 is generally 
negative in clear cell and papillary RCCs. 


Translocation 


der(17)(X;17) 
(p11.2;q25) 


Immunohistochemistry 


o consistent immunophenotype 
Up to 25% of cases show positive staining with 
MyoD1, S-100, and neuron-specific enolase 


Positive nuclear staining with TFE3 
Positive with RCC antibody and CD10 in more than 


t(X;17)(p11.2;q25) 


occasional psammoma bodies and hyaline Less than 50% with staining for EMA and cytokeratins 


Age 
Fusion Tumor Range (yr) Histology 
ASPL-TFE3 Alveolar soft 5—40 Uniform organoid and nesting pattern of 
part tumor cells with eosinophilic to focally 
sarcoma clear cytoplasm. Occasional rhomboid or 
rod-shaped crystals 
ASPL-TFE3 RCC 2-68 Papillary structures lined by tumor cells 
containing voluminous eosinophilic or 
clear cytoplasm. Distinct cell borders with 80% 
nodules 
PRCC-TFE3 RCC 2-70 Predominant nested and compact 
architecture with less papillary appearance 
and diminished volume of cytoplasm 
PSF-TFE3 RCC 3-68 Too few cases reported to define the 
histologic features 
NONO-TFE3 RCC 39 Too few cases reported to define the 
histologic features 
CLTC-TFE3 RCC 14 Too few cases reported to define the 
histologic features 


EMA, epithelial membrane antigen; RCC, renal cell carcinoma. 


Positive for E-cadherin and a-methylacyl-CoA racemase 
in more than 60% 


Positive for E-cadherin and ot-methylacyl-CoA racemase — t(X;1)(p11.2;q21) 


in more than 60% 


Rare positive staining with HMB-45 and Melan-A 
S-100 and desmin uniformly negative 


(X;1)(p11.2;p34) 


Too few cases reported to define the immunostaining 
characteristics 


inv(X)(p11.2;q12) 


Rare positive staining with HMB-45 and Melan-A 
S-100 and desmin are uniformly negative 


(X;17)(p11.2;q23) 
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Xp11.2 translocation RCCs are consistently positive for the RCC 
antigen and CD10. However, only focal staining for epithelial markers, 
including cytokeratin and epithelial membrane antigen (EMA), is 
identified in approximately 50% of cases by immunohistochemistry. 
All cases express 0t-methylacyl-CoA racemase (P504S) by immunohis- 
tochemistry. In addition, approximately two thirds of cases are also 
positive for E-cadherin, a cell adhesion molecule present at the cell 


Figure 14-1. Renal carcinoma associated with Xp11.2/TFE3 gene fusion. Most com- 
monly the tumor is well-circumscribed with a fibrous capsule. A, It is composed of 
large and small nests of tumor cells with abundant eosinophilic or clear cytoplasm. 
B, The most characteristic histologic feature is the papillary structures lined with tumor 
cells with clear cytoplasm. C, The tumor cells have voluminous, clear to eosinophilic 
cytoplasm. Cell borders are distinct, and the nuclei have vesicular chromatin and 
prominent nucleoli. D, Psammomatous calcification as well as the hyaline nodules that 
are formed within the fibrovascular cores of these pseudopapillae are common. E, The 
confirmatory immunohistochemical stain for TFE3 protein shows nuclear staining. 


membrane that has been identified in tumors derived from distal 
tubules, such as renal oncocytoma and chromophobe RCC.’ In con- 
trast to this feature, clear cell and papillary RCCs often demonstrate 
more prominent immunostaining for cytokeratin and EMA. Similarly, 
vimentin immunostaining is focal and weak in most cases of 
translocation-associated RCC. Rarely, immunoreactivity for melano- 
cytic markers such as HMB-45 and melan-A may occur, although the 
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translocation carcinomas that demonstrate this finding are specifically 
associated with uncommon variant gene fusions, such as PSF-TFE3 
and CLTC-TFE3. 


Genetics 

The molecular signature of the Xp11.2 translocation RCC is the chro- 
mosomal translocation involving the TFE3 gene on Xp11.2 and several 
other partner genes (see Table 14-1), including PRCC on 1q21, ASPL 
on 17q25, PSF on 1p34, NONO on Xq12, and CLTC on 17q23.’ These 
chromosomal alterations result in fusion genes that contain the TFE3 
open reading frame under the transcriptional control conferred by the 
various partner genes, ultimately resulting in TFE3 protein overexpres- 
sion. TFE3 is a member of the microphthalmia transcription factor 
(MITF) gene family. Members of this family encode transcription 
factors that contain basic helix-loop-helix and leucine-zipper DNA 
binding domains. Additional members of this family include TFEB and 
TFEC, at least one of which (TFEB) is also involved in other RCCs 
associated with chromosomal translocations. 


Treatment and Prognosis 

Surgery constitutes the primary treatment modality for translocation 
carcinomas. ‘The efficacy of radiation, chemotherapy, and immuno- 
therapy is unproven due to the very small number of cases reported 
and studied, although a few case reports demonstrated poor or no 
response with such treatment. In children and adolescent patients, the 
clinical course is variable, with an indolent course in some patients and 


Table 14-2. Hereditary Renal Cell Carcinoma Syndromes 


aggressive course in others.** However, adult patients often demon- 
strate an aggressive course with poor prognosis.*° 


Familial Renal Cell Carcinoma Syndromes 


Less than 5% of renal tumors are associated with hereditary cancer 
syndromes. Each of the inherited cancer syndromes predisposes 
patients to distinct subtypes of renal tumors (Table 14-2), as well as an 
association with a variety of other lesions that are syndrome-specific. 
Renal neoplasms may be solitary or bilateral and multifocal. Patients 
are generally younger than those afflicted by sporadic renal carcino- 
mas, with a mean age of 46 years, although a wide age range (17-75 
years) of patients can be affected. Management of most, if not all, of 
these hereditary renal cancer syndromes involves early screening, 
minimization of surgical intervention, and surgical strategies that pre- 
serve residual functional renal parenchyma.” Identification of families 
at risk is critical to allow appropriate screening to detect lesions at an 
early stage. This section provides an overview of general features asso- 
ciated with selected hereditary RCCs, with special emphasis on recent 
findings associated with hereditary leiomyomatosis and RCC syn- 
drome and with hybrid oncocytic tumors frequently found in the 
context of Birt-Hogg-Dube syndrome. 

Von Hippel-Lindau disease (VHLD) is an autosomal dominant 
disease that affects multiple organ systems, with manifestations includ- 
ing retinal or central nervous system angiomas and hemangioblasto- 
mas, adrenal gland pheochromocytomas, pancreatic cysts, pancreatic 


Disease Gene Renal Tumors Unique Histologic Features Other Clinical Manifestations 
von Hippel-Lindau VHL, Clear cell RCC: bilateral and Classic clear cell RCC CNS and retinal hemangioblastomas, renal cysts, 
3p25-26 multiple pancreatic cysts and neuroendocrine tumors, 
pheochromocytomas, endolymphatic sac tumors 
Chromosome 3 Unknown; Clear cell RCC: bilateral and Classic clear cell RCC one 
translocations VHL? multiple 
Familial clear cell RCC Unknown Clear cell RCC: unilateral and Classic clear cell RCC one 
solitary 
Hereditary SDHB, 1p36 RCC with clear and Pheochromocytomas and extra-adrenal 
paraganglioma eosinophilic cytoplasm paragangliomas 
Tuberous sclerosis TSC1, 9q34; Clear cell RCC, Usually clear cell RCC, rarely with Facial angiofibromas, periungual fibromas, 
B angiomyolipomas simultaneous angiomyolipoma shagreen patches, hypopigmented macules, 
16p13 cortical tubers, renal cysts, cardiac 


Hereditary papillary MET, 7931 Papillary type 1 RCC: 


rhabdomyomas, retinal hamartomas 


Papillary RCC with less frequent None 


RCC bilateral and multiple tubulopapillary and cribriform 
architecture 
“Granular” eosinophilic cytoplasm 
Hereditary FH, Papillary type 2 RCC: Very large nuclei with prominent Cutaneous leiomyomas, uterine leiomyomas and 
leiomyomatosis RCC 1q42-43 unilateral and solitary “melanoma”-like nucleoli leiomyosarcomas 
Hyperparathyroidism- HRPT2, Papillary RCC, renal Papillary RCC Parathyroid tumors, fibro-osseous mandibular and 
jaw tumor 1q25-32 hamartomas, Wilms’ tumor maxillary tumors, renal cysts 
Familial papillary ?, 1921 Papillary RCC, oncocytoma Papillary RCC Papillary thyroid carcinoma 
thyroid cancer 
Birt-Hogg-Dube FLCN, Oncocytic-chromophobe RCC, Chromophobe histology or with oncocytic __ Fibrofolliculomas, trichodiscomas, acrochordons, 
17p11.2 chromophobe RCC, clear areas in classic clear cell carcinoma pneumothorax, colorectal polyps 
cell RCC, oncocytomas (hybrid tumors) 
Modified from Richard S, Lidereau R, Giraud S. The growing family of hereditary renal cell carcinoma. Nephrol Dial Transplant. 2004;19(12):2954—-2958. 
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Figure 14-2. Intracellular signaling cascade involved in the pathogenesis of von Hippel-Lindau syndrome. 


insufficiency or biliary obstruction, islet cell tumors, benign papillary 
cystadenomas of the epididymis or mesonephric remnants of the broad 
ligament, and endolymphatic sac tumors of the inner ear. Renal cysts 
and RCC occur in 70% of patients. Renal lesions in VHLD are always 
clear cell RCC and tend to be bilateral and multifocal. VHLD is caused 
by germline mutations in the VHL gene, a tumor suppressor gene 
located on chromosome 3p25-26. The VHL protein plays a crucial role 
in the so-called hypoxia-inducible pathway. Together with several other 
proteins, VHL forms a complex that has ubiquitin ligase activity and 
targets cellular proteins for ubiquitin-mediated degradation by protea- 
somes (Fig. 14-2). One such substrate for VHL is hypoxia-inducible 
factor (HIF), a heterodimer transcription factor critical for the expres- 
sion of hypoxia-inducible genes. Hydroxylation of the two isoforms of 
the alpha subunit of HIF, HIF1-a and HIF2-0, is regulated by the 
oxygen tension within the cell. Under normoxic conditions, HIF1-o 
and HIF2-a are hydroxylated on one of the proline residues. VHL 
proteins can then bind to and target the hydroxylated HIF for poly- 
ubiquitination and eventual degradation. The net result is that HIF 
levels remain low under normoxic conditions. In either hypoxic condi- 
tions that lack HIF hydroxylation or when VHL is mutated or absent, 
lack of interaction between HIF and VHL results in lack of targeted 
HIF degradation. As a result, HIF accumulates within the cell and 
activates many hypoxia-inducible genes, including genes involved in 
angiogenesis (vascular endothelial growth factor [VEGF] and platelet- 
derived growth factor [PDGF]), cell growth (transforming growth 
factor-a [TGF-a), glucose transport (GLUT1), acid and base balance 


(carbonic anhydrase IX), and red cell production (erythropoietin). 
Dysregulated expression of these genes contributes to tumorigenesis 
and many clinical manifestations of clear cell RCC. Many clinical trials 
are currently underway that target several of these genes, including 
VEGF and TGF-«, using small-molecule inhibitors of tyrosine kinase, 
such as sorafenib and sunitinib, or antibodies against these tyrosine 
kinase receptors, such as bevacizumab, in the treatment of advanced- 
stage clear cell RCC." 

Several other inherited cancer syndromes also manifest with clear 
cell RCC. Familial clear cell RCC with constitutional chromosome 3 
translocations is caused by different break points on chromosome 3 
that implicate many different genes, such as FHIT (fragile histidine 
triad) and TRC8. Familial clear cell RCC syndrome is defined by 
two or more first-degree relatives with clear cell RCC. The underly- 
ing genetic alteration has not been identified, although these 
patients do not harbor genetic alterations involving VHL, MET, CUL2 
(a downstream VHL effector) or constitutional chromosome 3p 
translocations. 

Hereditary papillary RCC is a rare autosomal dominant disease that 
is characterized by bilateral and multiple papillary RCCs that are often 
of late onset. These tumors demonstrate papillary RCC type 1 histol- 
ogy, which consists of papillae and tubular structures lined by baso- 
philic cells with scant cytoplasm and low-grade nuclei. Hereditary 
papillary RCC is caused by mutations in the MET proto-oncogene on 
7q31-34. MET belongs to the tyrosine kinase receptor superfamily 
along with such proteins as c-KIT and RET. Small molecules that 
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selectively inhibit MET tyrosine kinase activity have been shown to 
have anti-tumor activity in animal studies on anaplastic large cell lym- 
phoma, thyroid cancer, and lung cancer, and may therefore hold 
promise for the treatment of hereditary papillary RCC. 

Tuberous sclerosis is an autosomal dominant syndrome that is 
characterized by benign tumors involving multiple organ systems. 
Skin lesions include facial angiofibromas (adenoma sebaceum), 
periungal fibromas, shagreen patches, and hypopigmented macules. 
Cardiac rhabdomyomas, pulmonary lymphangioleiomyomatosis, 
retinal hamartomas, subependymal nodules, and giant cell astro- 
cytomas are also found. Affected individuals are also predisposed to 
bilateral and multifocal angiomyolipomas of the kidneys. Multifocal 
clear cell RCC and oncocytomas have also been described. The 
disease is caused by germline mutations in either tuberous sclerosis 
complex gene 1 or 2 (TSC1 on 9q34 or TSC2 on 16p13.3). The 
TSC1-TSC2 complex functions as a GTPase-activating protein against 
Rheb, a Ras-like small GTPase. Rheb in turn regulates mTOR (mam- 
malian target of rapamycin) cellular signaling in nutrient-stimulated 
cell growth. mTOR is a serine/threonine protein kinase that phos- 
phorylates the translation regulators S6K and 4E-BP (ribosomal 
subunit S6 kinase and initiation factor 4E-binding protein) and stimu- 
lates cell growth in the presence of available amino acids. The 
TSC1-TSC2 complex therefore restrains the nutrient-stimulatory 
signals to S6K and 4E-BP, and loss of TSC1-TSC2 leads to constitutive, 
unrestrained signaling from the cell growth machinery comprised 
of Rheb, mTOR and S6K, and tumor formation. Inhibitors of mTOR 
have shown promising efficacy in early-stage trials in patients with 
advanced RCC. 


Renal Cell Carcinomas Arising in the Context of Hereditary 
Leiomyomatosis and Renal Cell Carcinoma Syndrome 


Incidence and Demographics 

Hereditary leiomyomatosis and renal cell carcinoma syndrome 
(HLRCC) is an autosomal dominant cancer syndrome characterized 
by cutaneous leiomyomas, uterine fibroids, and RCC with morpho- 
logic features of type 2 papillary RCC." Occasionally, female patients 
may develop uterine leiomyosarcomas. 


Localization and Clinical Manifestations 

Approximately 30% of affected individuals develop solitary and unilat- 
eral renal tumors, in contrast to other inherited renal cancer syn- 
dromes, which usually contain bilateral and multifocal tumors. Patients 
often present with back pain, fatigue, and weight loss. 


Gross Pathology 

HLRCCs are solitary lesions with a size ranging from 2.3 to 20 cm.” 
The majority of tumors are solid, although half of all lesions demon- 
strate at least a focal cystic component. Approximately 10% of the 
lesions are multicystic. 


Histopathology 

Several different architectural patterns can be found in HLRCC.” Most 
commonly, papillary structures reminiscent of type 2 papillary RCC 
are present within these lesions (Fig. 14-3A). Other architectural varia- 
tions include tubulopapillary, tubular, cribriform (see Fig. 14-3B), and 
solid patterns. Mixed patterns are occasionally encountered. Tumor 
cells contain abundant granular cytoplasm, although clear cell features 
may be focally present. The most characteristic histologic feature, con- 
sidered to be the hallmark of HLRCC, is the presence of large nuclei 
with a very prominent, inclusion-like, orangeophilic or eosinophilic 
nucleolus surrounded by a clear halo, similar to the cytomegaloviral 
nuclear inclusion (see Fig. 14-3C). This feature is evident in all cases 


of HLRCC and is identified in the majority of tumor cells within 
the lesion. 


Differential Diagnosis 

Without confirmation by genetic testing, a definitive diagnosis of 
HLRCC is not possible. However, a renal cancer with exceptionally 
prominent nucleoli should raise the possibility of an HLRCC. The main 
differential diagnosis of HLRCC is collecting duct carcinoma, which 
contains angulated glands or cysts lined by high-grade tumor cells 
containing prominent nucleoli. However, the nucleolar prominence in 
collecting duct carcinoma rarely reaches the extent that is seen in 
HLRCC. Melanoma may enter in the differential diagnosis due to the 
prominent nucleoli. However, the well-formed tubular and glandular 
structures are exceptional in melanoma. 


Ancillary Diagnostic Studies 

HLRCCs are essentially immunonegative for all markers that are typi- 
cally positive in other renal carcinomas,” including mucin and UEA-1 
(positive in collecting duct RCC) and CK7 (positive in type 1 papillary 
RCC). CK20 and high molecular weight cytokeratin are also negative. 
CD10 is negative except in areas containing clear cell changes, where 
focal cytoplasmic staining can be found. 


Genetics 

HLRCC is transmitted in an autosomal dominant fashion. The gene 
responsible for HLRCC, located on chromosome 1q42.3-43, encodes 
for fumarate hydratase (FH), which is a key regulator of the Krebs 
cycle.'* The most common germline mutations associated with 
HLRCC are missense mutations, although truncation and whole gene 
deletion may also occur. Inactivation of FH in HLRCC also correlates 
with overexpression of HIF, with the hypothesis that potential activa- 
tion of hypoxic pathways may occur in this cancer type, although 
further studies are needed to validate this finding. 


Treatment and Prognosis 

The renal tumors of HLRCC are aggressive and have the propensity to 
grow quickly and metastasize early, with distant metastases often 
present at initial diagnosis. Surgery represents the main treatment 
modality when feasible, because HLRCC tumors do not respond to 
interleukin-2 treatment or other conventional therapy for RCC. 


Hybrid Renal Cell Carcinomas/Birt-Hogg-Dube Syndrome 


Hybrid oncocytic tumors (HOT) are renal tumors that contain mixed 
components of renal oncocytoma and chromophobe RCC." 


Incidence and Demographics 

HOTs are uncommon, although the exact incidence remains unclear. 
One small study by Mai and colleagues'® examined 47 cases of sporadic 
renal oncocytoma and chromophobe RCC and classified 5 of these 
(approximately 10%) as HOT. Data extracted by this author from three 
studies'*'* found HOT predominantly affects male patients, with 
a male-to-female ratio of 2:1 and a mean age of 54.4 years (range, 
31-73 years). 


Localization and Clinical Manifestations 

HOT is believed to be a characteristic lesion associated with 
Birt-Hogg-Dube syndrome, although sporadic cases in nonsyndromic 
patients have also been reported. Birt-Hogg-Dube syndrome is an 
autosomal dominant disorder with incomplete penetrance. The 
affected individuals are predisposed to multiple hamartomas of the 
hair follicle, termed fibrofolliculomas, as well as trichodiscomas of hair 
follicles and skin tags. Patients may also have internal manifestations 


Unusual Renal Neoplasms 


that include medullary carcinoma of the thyroid, multiple forms of 
renal carcinoma, and multifocal pulmonary cysts that can lead to 
rupture and spontaneous pneumothorax. 


Gross Pathology 

The gross appearance of HOT is similar to that of oncocytoma and 
chromophobe RCC. The lesion typically appears as a nonencapsulated, 
well-circumscribed mass demonstrating a brown, homogenous cut 
surface. Birt-Hogg-Dube syndrome patients may harbor multiple foci 
of HOT lesions within the kidney. 


Histopathology 
Microscopically, HOT contains elements of both oncocytoma and 
chromophobe RCC in variable proportions’”* (Fig. 14-4A). Within 
the same tumor, distinct foci characteristic of classic oncocytoma, con- 
taining tumor cells with ill-defined cell borders, granular eosinophilic 
cytoplasm, and uniform round nuclei, are present (see Fig. 14-4B). 
Other areas display a more classical appearance of chromophobe RCC, 
with tumor cells demonstrating distinct cell borders, flocculated pink 
or clear cytoplasm, and wrinkled nuclei with perinuclear halos (see 
Fig. 14-4C). These oncocytoma and chromophobe RCC-like areas may 
be separate or intimately admixed with one another. 

Birt-Hogg-Dube syndrome patients may harbor multiple tumors of 
different histologic types in the same kidney; therefore, HOT may be 
found to coexist with other RCCs that are frequently found in 


Figure 14-3. Hereditary leiomyomatosis and renal cell carcinoma syndrome. 
Tumor cells form papillary (A) and cribriform (B) structures. The tumor cells have 
abundant granular cytoplasm. The most characteristic histologic feature is the 
presence of large nuclei with a very prominent eosinophilic nucleolus surrounded 
by a clear halo, similar to the cytomegaloviral nuclear inclusion (C). 


Birt-Hogg-Dube syndrome, including chromophobe RCC, clear cell 
RCC, and oncocytoma. In addition, HOT may be part of the so-called 
oncocytosis phenomenon, in which the kidney is diffusely involved by 
numerous oncocytic nodules.’* In renal oncocytosis, the dominant 
tumor nodules or microscopic oncocytic foci may show the morpho- 
logic features of both oncocytoma and chromophobe RCC, similar 
to HOT. 


Differential Diagnosis 

The primary differential diagnoses of HOT include pure oncocytoma 
and chromophobe RCC, although the morphologic distinction between 
these entities may occasionally be challenging. An otherwise ordinary 
oncocytoma may contain focal cytoplasmic clearing, binucleation, 
slight nuclear membrane irregularity, and hyperchromasia, which is 
often degenerative in nature. These changes are accepted as part of 
the morphologic spectrum of renal oncocytoma as long as they are 
focal and not diffuse. Similarly, chromophobe RCC may also have 
focal areas that resemble oncocytoma cytologically and architecturally. 
Such minor components may be ignored in rendering the final diag- 
nosis. Currently no established criteria exist regarding the relative 
amount of oncocytoma and chromophobe RCC that is needed in a 
tumor to establish a diagnosis of HOT. Several studies have utilized 
the threshold that at least 20% of the tumor should show cytologic 
and architectural features different from those of the predominant 
tumor morphology to be classified as HOT,’*”* although these cutoffs 
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are entirely arbitrary and additional studies on this topic are 
warranted. 


Ancillary Diagnostic Studies 

Ancillary techniques in the diagnosis of HOT are limited. In general, 
Hale's colloidal iron stain may be used to highlight the chromophobe 
RCC component of these lesions, because this stain highlights the 
mucopolysaccharide content in the microvesicles present in chromo- 
phobe RCC. In contrast, the oncocytoma-like areas usually display 
limited weak luminal staining with Hale's colloidal iron stain. 


Genetics 

Birt-Hogg-Dube syndrome is transmitted in an autosomal dominant 
fashion. The responsible gene is mapped to 17p11.2 and encodes 
for the protein folliculin.™™” The function of folliculin is unclear, 
although it may serve as a tumor suppressor gene. BHD mutations are 
rarely found in sporadic chromophobe RCC or renal oncocytoma, 
although allelic loss at chromosome 17 was seen in sporadic chromo- 
phobe RCC. 


Treatment and Prognosis 

Surgery is the mainstay of treatment. Patients with Birt-Hogg-Dube 
syndrome and multiple tumors are treated with partial nephrectomy 
with the intention to preserve renal parenchyma and therefore 
function. 


Figure 14-4. Hybrid oncocytic tumor. A, HOT contains both oncocytoma-like and 
chromophobe RCC-like area in the same tumor. B, The oncocytoma-like element 
contains tumor cells with ill-defined cell borders, granular eosinophilic cytoplasm, and 
uniform round nuclei. C, Other chromophobe RCC-like elements contain tumor cells 
with distinct cell borders, flocculated pink or clear cytoplasm, and wrinkled nuclei with 
perinuclear halo. 


Limited data are available on the biological behavior of HOT that 
arises in Birt-Hogg-Dube syndrome. One small study on 5 patients 
examined the prognosis of sporadic HOT" and determined that all 
patients were free of disease over a limited time after surgery. It is 
reasonable to assume that HOT may have an indolent clinical course 
with ultimate biological behavior between those of benign oncocytoma 
and chromophobe RCC. Difficulties may arise in HOT where the pre- 
dominant component is, in fact, an oncocytoma and only a small 
component is either chromophobe or even clear cell RCC; the chal- 
lenge in this situation is whether to categorize the patient as having a 
carcinoma, which would entail follow-up surveillance and treatment 
options more aligned with a clear cell RCC, or to regard the patient as 
having an oncocytoma from a clinical and therapeutic standpoint. 
Currently no published data exist on how to categorize these patients 
or how to manage them; thus we recommend that a precise morpho- 
logic description of the tumor be included in the diagnosis and that 
this description contain a semi-quantitative estimate of the clear cell 
or chromophobe RCC component and similar estimate of the oncocy- 
toma component. 


Neuroblastoma-Associated Renal Cell Carcinoma 


Incidence and Clinical Manifestations 
Renal cell carcinomas have been reported to arise in young patients 
several years after diagnosis and treatment of neuroblastoma; these 


Figure 14-5. Neuroblastoma-associated renal cell carcinoma. A, The architecture of these carcinomas may vary from solid to papillary, with extensive papillary features present 


in a subset of cases. B, Morphologically, tumor cells have an oncocytic appearance with variable nuclear size and medium-sized nucleoli. (Photomicrographs courtesy of Dr. L. Jeffrey 


Medeiros, University of Texas MD Anderson Cancer Center.) 


lesions have been proposed to arise secondary to the treatment of 
neuroblastoma.” These carcinomas account for less than 1% of all 
RCCs and comprise approximately 2.5% of all RCCs identified in chil- 
dren. Most neuroblastoma-associated RCCs occur between ages 2 and 
35 years, with a median age of 13.5 years and an equal distribution 
between males and females. Patients with neuroblastoma have been 
reported to demonstrate a 329-fold increased risk in the subsequent 
development of RCC.” One case of simultaneous neuroblastoma and 
RCC has been reported. 


Radiologic Features and Gross Pathology 

Patients often present with either unilateral or bilateral tumors.” One 
study identified multifocal, synchronous tumors in 3 out of 4 patients 
with RCC presenting after advanced-stage abdominal neuroblastoma.” 
Imaging in neuroblastoma-associated RCC does not demonstrate find- 
ings distinct from other renal carcinomas.” Grossly, tumor size ranges 
from 1 to 8 cm, with an average size of 4 cm.” 


Histopathology 

The histology of neuroblastoma-associated RCC varies significantly. 
Architecturally, tumors may demonstrate solid or papillary structures, 
the latter of which may be extensive in a small number of cases”” 
(Fig. 14-5A). Often, tumor cells demonstrate an oncyocytic appearance 
with variable nuclear size, medium-sized nucleoli, and occasional 
vacuolization”’ (see Fig. 14-5B). However, a subset of neuroblastoma- 
associated RCCs demonstrate histopathologic features consistent with 
a classic clear cell RCC.” 


Differential Diagnosis 
The varied morphologic appearance of this lesion raises the differential 
diagnosis of oncocytoma and other more classic RCCs, including chro- 
mophobe RCC and papillary RCC. The young age of the patients and 
the prior diagnosis of neuroblastoma are key, however, to the correct 
diagnosis of this lesion. 


Ancillary Diagnostic Studies 

Immunohistochemistry reveals that these tumors are often positive 
for EMA, vimentin, and cytokeratin 8, 18, and 20,” although these 
findings are not specific. Recently, cytoplasmic accumulation of 


the beta-catenin protein has also been reported in one case of 
neuroblastoma-associated RCC.” 


Genetics 

Due to the small number of cases studied at the molecular level, only 
limited knowledge of the genetics that underlie this lesion is known. 
Loss of multiple chromosomal loci and allelic imbalances most 
commonly affecting 20q13 have been reported in a small number 
of cases of patients who had received radiation treatment for 
neuroblastoma.” 


Treatment and Prognosis 

Treatment of patients with neuroblastoma-associated RCC is primarily 
surgical, and follow-up over several years suggests that these patients 
do well.** However, a subset of cases have been reported to demonstrate 
associated metastases to sites that include the lymph nodes, liver, bone, 
and thyroid and adrenal glands.”"”°”” 


Mucinous Tubular Spindle Cell Carcinoma 


Mucinous tubular spindle cell carcinoma (MTSCCa) is a low-grade 
renal epithelial neoplasm with characteristic histologic components 
that include compressed elongated tubules and spindled cells embed- 
ded in a mucinous stroma.” This carcinoma has been previously 
reported under various names: RCC originating from the distal loop 
of Henle, RCC of distal nephron origin, loopoma, and low-grade col- 
lecting duct carcinoma.” 


Incidence and Demographics 

MTSCCa is an uncommon renal tumor that affects patients of a wide 
age range (mean age, 53 years; range, 17-82 years). In contrast to the 
male predominance in other RCC subtypes, MTSCCa predominantly 
affects female patients, with a female-to-male ratio of 2:1. 


Localization and Clinical Manifestations 

Most tumors are asymptomatic and are detected incidentally on 
imaging studies for other disease, although MTSCCa rarely may 
present with hematuria and flank pain. To date staghorn calculi have 
been reported in approximately 50% of patients. 


299 


Practical Renal Pathology 


300 


Gross Pathology 

MTSCCa forms a well-circumscribed mass with a homogeneous, tan- 
white-pink cut surface (Fig. 14-6A). It may appear myxoid or gelati- 
nous if an abundant mucinous component is present. 

As its name implies, MTSCCa is comprised of variable amounts 
of three components’: elongated and compressed tubules (see 
Fig. 14-6B), spindle-shaped epithelial cells (see Fig. 14-6C), and light 
blue extracellular mucinous background material (see Fig. 14-6D). 
Necrosis, foamy histiocytes, and chronic inflammation may be present 
(see Fig. 14-6E). Tumor nuclei are bland, spherical or oval, with incon- 
spicuous nucleoli (see Fig. 14-6F). Occasionally, tumors with mucin- 
poor histology with either tubular predominance or spindle-cell 
predominance are identified.” Other uncommon histologic features 
that can rarely be seen include focal papillary architecture (see 
Fig. 14-6F), focal clear cell and oncocytic changes, and psammomatous 
calcification. 


Differential Diagnosis 

MTSCCa is most commonly mistaken for papillary RCC, especially 
the solid variant. In fact, several studies have demonstrated the similar- 
ity in histology and immunohistochemical profiles between these two 
entities,”"*’ and several authors have even suggested that MTSCCa and 
papillary RCC are related lesions.** We believe that MTSCCa and pap- 
illary RCC are distinct entities, because the former does not appear to 
harbor the genetic changes characteristic of papillary RCC, namely 
trisomy 7 and 17.*° However, the morphologic and immunohistochem- 
ical overlap between these two entities warrants diagnostic caution. 
The solid variant of papillary RCC is composed of compressed tubu- 
lopapillary structures demonstrating a solid or glomeruloid architec- 
tural pattern. However, typical papillary architecture can always be 
found after careful examination. In addition solid papillary RCC lacks 
the spindle cell and mucinous components found in MTSCCa. The 
immunohistochemical profile between these two entities often over- 
laps and, therefore, is of little utility in determining the correct diag- 
nosis. Cytogenetic studies showing the presence of chromosomal gains 
of 7 and 17 supports a diagnosis of papillary RCC and may be of use 
in the diagnosis of difficult cases. 

An additional differential diagnosis in spindle cell-predominant 
MTSCCa includes sarcomatoid RCC, which contains nondescript 
spindled cells often demonstrating high nuclear grade, tumor necrosis, 
vascular invasion, and involvement of perinephric/renal sinus fat. With 
extensive sampling, characteristic areas of pre-existing RCC can often 
be identified in sarcomatoid RCC. 


Ancillary Diagnostic Studies 

The immunophenotype of MTSCCa varies widely and is of little value 
in establishing the diagnosis.*’*> Most MTSCCa lesions express 
markers that are reminiscent of distal nephron differentiation, includ- 
ing EMA, AE1/3, CK7, CK9, E-cadherin, and a-methylacyl CoA race- 
mase, and the RCC antigen is positive in the majority of cases. The 
proximal tubular marker CD10 is positive in only 10% to 15% of 
MTSCCa cases. 


Genetics 

To date, only limited cytogenetic studies have been performed on this 
tumor type.*™ A small subset of cases have been shown to harbor 
multiple numerical chromosome aberrations involving chromosomes 
1, 4, 6, 11, 8, 13, 14, 15, 18, and 22, but no clear-cut karyotypic aber- 
ration pattern has so far emerged. However, the chromosomal gains 
of 7 and 17 and loss of Y characteristic of papillary RCC, and 3p 
alterations typical of clear cell RCC, have not been demonstrated 
in MTSCCa. 


Treatment and Prognosis 

The prognosis appears favorable, with the majority of the patients 
free of disease after surgical resection. Only one case demonstrating 
metastatic spread of disease has been reported. In general, this 
tumor may be best regarded as a low-grade renal tumor, although 
additional studies on the long-term outcomes of these patients 
are needed. 


Cystic Nephroma/Mixed Epithelial and Stromal 
Tumor of the Kidney 


Cystic nephroma and mixed epithelial and stromal tumor of the kidney 
(MEST) are biphasic tumors composed of epithelial and stromal ele- 
ments.***” Although cystic nephroma and MEST are categorized as 
distinct entities in the 2004 WHO classification of renal tumors, recent 
studies have shown that they share clinical and pathologic features and 
likely represent two extremes of the same morphologic spectrum.*”° 
It has been suggested that a unified term, renal epithelial and stromal 
tumor (REST), be used to describe these two lesions.“ 


Incidence and Demographics 

Cystic nephroma and MEST are rare; each accounts for less than 0.5% 
of renal tumors. Both affect middle-aged patients and demonstrate a 
striking female predominance, with a female-to-male ratio of 8:1. 


Localization and Clinical Manifestations 

The majority of patients present with symptoms characteristic of a 
renal mass, including flank pain and hematuria. Female patients are 
usually perimenopausal. Rarely, MESTs have been reported in male 
patients with chronic liver disease or on estrogen therapy for prostate 
cancer.” 


Gross Pathology 

On imaging studies, cystic nephroma is a Bosniak III cystic lesion, 
whereas the majority of MESTs contain a solid component. Most cystic 
nephroma and MEST lesions are centrally located within the kidney 
and often extend into the collecting system or displace the renal pelvis. 
Grossly, both cystic nephroma and MEST form encapsulated and well- 
circumscribed lesions. Cystic nephroma is an entirely cystic lesion with 
thin cystic septae and no discernible solid elements, whereas MEST 
can be predominantly solid, cystic, or partially cystic. Cystic contents 
are often clear or straw-colored and watery, and hemorrhage into the 
cystic space is not uncommon. 


Histopathology 

Microscopically, both cystic nephroma and MEST are biphasic lesions 
composed of epithelial and stromal components, and often there is 
significant overlap in the appearance of these entities.” The lesions 
are well circumscribed, although entrapment of residual renal tubules 
can be seen at the periphery of the lesion. Epithelial elements include 
cysts of variable size, tubules, and glands (Fig. 14-7A). The cysts and 
tubules are lined with flat, cuboidal, or low columnar cells; cells with 
hobnail morphology are common (see Fig. 14-7B). Focal clear cells 
may also be present. Stromal elements are of variable cellularity, 
ranging from hypocellular scarlike areas to hypercellular, ovarian stro- 
malike areas with collate cysts or glands (see Fig. 14-7C). Smooth 
muscle bundles may occasionally be present. On occasion, hemor- 
rhage, calcification, and fat metaplasia may be seen associated with 
these lesions. Cystic nephroma tends to have simpler cystic and stromal 
components, whereas MEST typically contains more exuberant epithe- 
lial elements and expansile stromal elements that often include smooth 
muscle fascicles. 
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Figure 14-6. Mucinous tubular spindle cell carcinoma. A, The tumor forms a well-circumscribed mass with a homogeneous, tan-white-pink cut surface. Tumor is composed of 
variable amounts of three components: elongated and compressed tubules (B), spindle-shaped epithelial cells (C), and light blue extracellular mucinous material in the background 
(D). E, Inflammatory cells infiltrate the tumor cells. F, Tumor nuclei are bland, round with inconspicuous nucleoli, and a papillary architecture is focally present (G). (A, Photograph 


courtesy of Dr. Pheroze Tamboli, University of Texas MD Anderson Cancer Center.) Continued 
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Differential Diagnosis 
Renal lesions, both benign and malignant, frequently have cystic com- 
ponents; therefore, cystic nephroma and MEST should be distin- 
guished from other cystic renal lesions, of which multilocular cystic 
renal cell carcinoma (MLCRCC) and clear cell RCC with extensive 
cystic changes are the most important considerations. Cysts present in 
MLCRCC and RCC with extensive cystic change are lined by neoplas- 
tic clear cells, with nests of clear cells also present in the surrounding 
stroma. In contrast, the clear cell changes occasionally seen in cystic 
nephroma or MEST are invariably focal and not associated with other 
histologic features of clear cell RCC, such as a delicate vascular network. 
Segmental cystic renal dysplasia may also be mistaken for a cystic 
renal tumor. In contrast to cystic nephroma and MEST, however, cystic 
dysplasia is not encapsulated. In addition, classical features associated 
with segmental cystic renal dysplasia, including aberrantly formed 
glomeruli, primitive renal tubules surrounded by immature stromal 
cells, fetal cartilage, and residual nephronic structures within cystic 
septae, may aid in the diagnosis. Patients with segmental cystic renal 


Figure 14-7. Cystic nephroma and mixed epithelial and stromal tumor of the kidney (MEST). A, A cystic nephroma is composed of small tubules and multiple cysts of variable 
sizes. B, Cysts are lined with flat, cuboidal, and hobnail cells. C, A MEST consists of multiple cysts, glands, and prominent stromal components that include hypercellular, ovarian 
stromalike cuffing glands. D, Cellular stroma is positive for estrogen receptor and progesterone receptor. 
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dysplasia often demonstrate a history of urinary obstruction or ureteral 
duplication as well. Finally, acquired benign (non-neoplastic) renal 
cysts are not encapsulated and have remnant nephrons in the septa. 


Ancillary Diagnostic Studies 

Cystic nephroma and MEST often demonstrate the presence of 
estrogen and progesterone receptors in the stromal component by 
immunohistochemistry (see Fig. 14-7D). In addition, the stroma may 
demonstrate smooth muscle differentiation and is immunopositive for 
smooth muscle actin. No genetic markers or tests are currently avail- 
able to aid in the diagnosis of these entities. 


Treatment and Prognosis 

Cystic nephroma and MEST are benign, and surgical resections are 
curative. Rare case reports of malignant transformation or sarcoma 
arising in MEST or cystic nephroma have been described, although it 
is unclear which subset of patients may be at risk for developing these 
secondary malignancies. 


Epithelial Neoplasms in End-Stage Renal Disease 


End-stage renal disease (ESRD) can occur as a result of a wide variety 
of underlying etiologies and often necessitates the need for extended 
dialysis treatment. Acquired renal cystic disease (ARCD), character- 
ized by extensive cystic change of the renal parenchyma in the absence 
of congenital disease, occurs in the majority of patients with ESRD on 
dialysis; its appearance correlates with increased years of dialysis 
treatment." 


Incidence and Demographics 
Patients with ESRD are at increased risk for the development of 
renal carcinoma, with 4.2% to 5.8% of all ESRD patients developing 
some form of renal carcinoma.*** This risk also appears related to the 
length of dialysis treatment,“ with tumors developing in 10% to 20% 
of patients who have been on dialysis for up to 3 years. Frequently, 
renal carcinomas reported in patients with ESRD with or without 
ARCD include clear cell RCC (18%), papillary RCC (15%), and 
chromophobe RCC (8%).***”** However, two forms of RCC that arise 
in the setting of ESRD represent unique subtypes; these include 
acquired cystic disease-associated RCC and clear cell papillary RCC 
of end-stage kidneys,” which comprise a large number of ESRD- 
associated RCCs.” 

Patients with RCC that arise in the context of ESRD demonstrate 
similar demographic findings to patients with non-ESRD RCC, includ- 
ing average age of 55 to 65 years and male predominance.**””! 


Localization and Clinical Manifestations 

Patients are either on peritoneal dialysis or hemodialysis and present 
with either increasing flank pain or gross hematuria. Alternatively the 
patient may have cysts in the kidney that on serial CT imaging appear 
to be increasing in size. However, by far the majority of these tumors 
are incidental findings in nonfunctioning nephrectomies detected 
either before renal transplant or shortly after allograft insertion. Similar 
to RCCs that arise in the absence of ESRD, ESRD renal carcinomas can 
affect either kidney. 


Radiographic Features and Gross Pathology 

A variety of screening techniques to detect ESRD-associated carcino- 
mas have been utilized, including abdominal CT and ultrasound, 
which often leads to early detection of the lesions at a lower pathologic 
stage.“ The dominant gross pathology finding is usually microscopic 
cysts that may be up to 6 cm in size. The contents of the cysts may be 


watery to slightly yellowish. Focal solid-appearing areas, especially 
within cyst walls or in trabeculae, are frequently the location of RCC. 
Multifocal tumors occur in up to 50% of cases.” 


Histopathology 

On pathologic examination, clear cell, papillary, and chromophobe 
RCCs demonstrate similar findings grossly and microscopically to 
those present in non-ESRD patients. A subset of patients with ARCD 
demonstrate deposition of calcium oxalate within the tumor mass; 
patients with this finding are more likely to demonstrate both bilat- 
eral and multifocal carcinomas.“ In addition, calcium oxalate- 
associated carcinomas often demonstrate a microcystic architecture 
that contains tumor cells with granular eosinophilic cytoplasm, 
indistinct cell borders, and large nuclei with prominent nucleoli 
(Fig. 14-8A). On occasion, focal papillary structures can be identified 
(see Fig. 14-8B). This variant of ESRD-associated renal carcinoma 
has been termed acquired cystic disease-associated RCC. A second 
ESRD-associated renal carcinoma that occurs with or without ARCD 
is known as clear cell papillary RCC of end-stage kidneys.” This tumor 
is characterized by a predominant gross cystic appearance and 
contains papillary structures lined by clear cells (see Fig. 14-8C). 
The spectrum of renal tumors arising in ESRD is summarized in 
Table 14-3. 


Differential Diagnosis 

The differential diagnosis in ESRD renal carcinomas typically includes 
variants of more classic RCCs; attention to the morphologic features 
that characterize the two unusual variants that occur in this setting is 
key to the diagnosis. 


Ancillary Diagnostic Studies 

These tumors have an immunohistochemical profile similar to RCCs 
occurring in a non-ESRD setting. Ancillary techniques generally do 
not aid in the diagnosis of these entities, and to date little is known 
regarding the molecular changes that occur in ESRD that predispose 
patients to the development of renal carcinoma. 


Table 14-3. Incidence and Histologic Subtype of Renal Tumors Occurring in the 
Setting of Cystic End-Stage Renal Disease 


Tumors Occurring in Kidney with End-Stage 


Renal Disease Incidence (%) 


Resembling Sporadic Renal Tumors 


Clear cell (conventional) RCC 8 
Papillary RCC 17 
Type 1 
Type 2 
Chromophobe RCC 6 


Tumors Distinct from Sporadic Renal Tumors 


Acquired cystic disease—associated RCC 46 
Clear cell-papillary RCC of the end-stage kidneys 23 


Other Tumor and Nontumor Lesions 


Benign cysts 90 
Precursor lesions 
Clustered microcystic lesions 86 
Papillary adenomas 46 
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Genetics 
This entity has been recently described and limited information is cur- 
rently available regarding genetic alterations in these lesions. 


Treatment and Prognosis 

The treatment in most cases of ESRD is surgical, when feasible, and 
outcomes in patients who undergo surgical resection are similar to 
those in patients with non-neoplastic ESRD.” Patients with acquired 
cystic disease-associated RCC appear to have slightly worsened 
outcomes than patients with other forms of ESRD-associated RCC, 
with an increased incidence of sarcomatoid change and lymph node 
metastases.” 


Juxtaglomerular Cell Tumor 


Juxtaglomerular cell (JG) tumors are typically benign tumors that are 
characterized by the presence of increased renin production.” 
Approximately 100 cases have been reported in the literature to date. 


Incidence and Demographics 

These tumors commonly affect young adult patients, with an average 
age of 27 to 37 years,” although an occurrence in a patient aged 
8 years has been reported.” Females are affected twice as frequently 
as males.”° 


Figure 14-8. Renal neoplasms associated with end-stage renal disease (ESRD). 


. A, Calcium oxalate—associated carcinomas may demonstrate a microcystic appearance 


and contain cells with eosinophilic cytoplasm and large nuclei with prominent nucleoli. 
B, Papillary structures may be present in a subset of cases. C, A second form of ESRD- 
associated carcinomas may demonstrate a gross cystic appearance and contains 
papillary structures lined by clear cells. (Photomicrographs courtesy of Dr. Mahul Amin 
and Dr. Ruta Gupta, Cedars-Sinai Medical Center.) 


Localization and Clinical Manifestations 

JG tumors are typically solitary lesions that arise in association with 
the glomeruli in the renal cortex. There appears to be no predilection 
for laterality or anatomic region of the kidney. The classic clinical 
scenario of the JG tumor is a young adult patient who presents with 
uncontrolled hypertension associated with increased plasma renin 
levels, hyperaldosteronism, and hypokalemia. A case of JG tumor pre- 
senting with normal blood pressure, however, has been reported.” 


Radiographic Features and Gross Pathology 

On gross examination, JG tumors appear well-circumscribed with a 
yellow to gray-tan appearance.” In several series, tumor size ranged 
from 1 to 8cm, with an average of 4 cm.™*® Radiographically, JG 
tumors are well circumscribed and solid; one study suggests that 
dynamic CT scanning may be useful in distinguishing these lesions 
from RCC. 


Histopathology 

Histologically, JG tumors are well-circumscribed epithelioid lesions 
composed of solid sheets and nests of uniform cells with granular 
eosinophilic cytoplasm (Fig. 14-9A). Occasionally, microcysts may be 
identified microscopically. The nuclei are round to oval and often dem- 
onstrate surrounding pale halos (see Fig. 14-9B). Nuclear atypia may 
be present in a subset of cases.” Mitotic figures are rare to absent in 
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JG tumors. Thin and thick-walled hyalinized blood vessels, hemor- 
rhage, and increased mast cell infiltration are often admixed within 
the lesion.” 


Differential Diagnosis 

A subset of cases have been reported to demonstrate a prominent 
papillary architecture,“ raising the differential diagnosis of papillary 
RCC. However, on close inspection, the presence of uniform round 
nuclei, abundant eosinophilic cytoplasm, and lack of macrophage infil- 
tration will distinguish JG tumors from this entity. Many cases of JG 
tumors contain enlarged, branching vascular spaces, which may mimic 
a hemangiopericytoma. Although both hemangiopericytomas and 
JG tumors may be positive for CD34, the lack of renin immuno- 
histochemical staining in hemangiopericytomas aids in the correct 
diagnosis. 


Ancillary Diagnostic Studies 

Immunohistochemistry often aids in the diagnosis of JG tumors, which 
are typically immunoreactive for renin, vimentin, CD34, and focally 
smooth muscle actin. One recent report also identified the presence 
of immunoreactivity to CD117 in five cases examined.” Despite the 
epithelioid appearance of JG tumors, cytokeratin immunostains are 
negative. Electron microscopy demonstrates the presence of character- 
istic peripherally located rhomboid crystals of pro-renin within the 
cytoplasm of JG tumor cells (see Fig. 14-9C). 


Figure 14-9. Juxtaglomerular (JG) cell tumor. A, JG tumors are typically benign and 
are characterized histologically by sheets and nests of uniform cells. B, JG tumor cells 
typically demonstrate granular eosinophilic cytoplasm and round to oval nuclei with 
surrounding pale halos. C, Electron photomicrograph of JG tumor highlighting intracel- 
lular rhomboid renin granules. (A and B, Photomicrographs courtesy of Dr. Jonathan 
Epstein, The Johns Hopkins Hospital. C, Photograph courtesy of Dr. Donna Lager, 
ProPath, Dallas, TX.) 


Genetics 

Molecular studies, including karyotype analysis, fluorescent in situ 
hybridization, and comparative genomic hybridization, have been per- 
formed on a small number of cases to date.” Several cases have been 
reported to demonstrate an abnormal karyotype, with monosomy of 
chromosomes X and 9 and gain of chromosome 10 more commonly 
reported. 


Treatment and Prognosis 

For the vast majority of patients who have undergone partial or radical 
nephrectomy for JG tumors, long-term follow-up has not demon- 
strated any tumor recurrence or metastatic spread.””*’ However, one 
patient demonstrated bilateral pulmonary lesions 6 years after resec- 
tion of a renal JG tumor; these lesions were morphologically identical 
to the primary renal lesion and demonstrated rhomboid crystals on 
electron microscopy, suggesting the presence of metastases arising 
from a primary JG tumor.™ Extended follow-up in a larger number of 
patients with JG tumors is needed to determine whether late metastatic 
spread is the exception or a viable possibility. 


Hemangiopericytoma/Solitary Fibrous Tumor 


Hemangiopericytomas arise from pericytic cells surrounding blood 
vessels and have been reported to arise in numerous anatomic loca- 
tions. Fewer than 50 renal hemangiopericytomas havebeen reported.> 
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Incidence and Demographics 

Most of these lesions occur in adulthood, with an average age of 40 
years, although a range from age 16 to 68 years has been documented.” 
‘There appears to be no gender predilection. Recently, it has been pro- 
posed that hemangiopericytomas and solitary fibrous tumor at some 
anatomic sites represent a morphologic spectrum of a single entity 
due to histologic similarities and overlapping immunohistochemical 
profiles. 


Localization and Clinical Manifestations 

The vast majority of renal hemangiopericytomas are solitary lesions 
that may occur in either kidney, although one case of bilateral heman- 
giopericytomas has been reported.” These lesions may commonly 
involve the renal parenchyma, renal sinus, or renal capsule.””' The 
majority of patients present with a mass that is often painless in nature, 
with many of the remaining patients presenting with either hematuria 
or incidentally. 


Radiographic Features and Gross Pathology 

Although no specific findings on CT or MRI have been reported for 
renal hemangiopericytoma, angiography may demonstrate a charac- 
teristic early arterial phase that may aid in the diagnosis.” Grossly, 
renal hemangiopericytomas appear well-circumscribed by a thin 
capsule, although extension into the perirenal fat and renal sinus is not 
uncommon. Occasionally, satellite nodules may be present within the 
kidney on resection. The majority of renal hemangiopericytomas 


average greater than 10 cm; lesions up to 25 cm in greatest dimension 
have been reported. 


Histopathology 

Renal hemangiopericytomas demonstrate morphologic findings 
similar to those seen with hemangiopericytomas arising in other loca- 
tions, including the presence of fusiform monotonous cells surround- 
ing branching or staghorn blood vessels. The nuclear features are 
typically bland, although atypia can occur. Studies on hemangio- 
pericytomas at other locations, as well as a subset of renal hemangio- 
pericytomas, suggest that features indicative of more aggressive 
behavior include increased cellularity, greater than 4 mitotic figures per 
10 high-power fields, hemorrhage into the tumor, and necrosis.” The 
remaining subset of lesions present in this category is morphologically 
similar to solitary fibrous tumors identified at other anatomic locations 
(Fig. 14-10). 


Differential Diagnosis 

The differential diagnosis is broad and includes renal lesions that 
demonstrate a monotonous tumor population with spindling and 
includes juxtaglomerular tumors, synovial sarcoma, and sarcomatoid 
RCC. Juxtaglomerular tumors can be excluded on the basis of clinical 
symptoms, limited spindling of tumor cells, and the presence of renin 
production identified by immunohistochemistry. Sarcomatoid RCC 
can be excluded by the identification of areas typical of renal carcinoma 
and the presence of immunoreactivity to cytokeratins. Synovial 


Figure 14-10. Solitary fibrous tumor/hemangiopericytoma (SFT/HPC). A, This SFT/ 
HPC, arising in adult-onset polycystic kidney disease, is delineated from the adjacent 
renal parenchyma and a papillary adenoma (/ower left). B, The lesion consists of 
alternating hypercellular and hypocellular areas that display so-called “patternless” 
pattern, with the former punctuated by numerous staghorn-shaped vessels. C, The 
spindle cells are bland, with vesicular nuclei. Dense collagen deposition is found 
between the cells. 
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sarcoma also demonstrates cytokeratin immunoreactivity, as well as 
the presence of the SYT-SSX fusion gene. 


Ancillary Diagnostic Studies 

Hemangiopericytomas affecting the kidney demonstrate immunoreac- 
tivity for CD34 and vimentin and are negative for epithelial markers, 
including cytokeratins and EMA. 


Genetics 
No specific genetic abnormalities have been reported for renal 
hemangiopericytomas. 


Treatment and Prognosis 

One large meta-analysis examined clinical follow-up on 18 patients 
reported in the literature.“ Of these, 8 patients demonstrated subse- 
quent metastatic disease, with the lungs representing the most common 
location of metastatic spread. Seven patients died over an average time 
period of 2 years. Of all treatment modalities, radical surgery appears 
to offer some benefit, whereas chemotherapy and radiation therapy do 
not influence outcomes. Patients with malignant histology, increased 
tumor size, increased patient age, or tumor recurrence have a worse 
prognosis. 


Paraganglioma 


Renal paragangliomas are exceedingly rare, with less than 10 cases 
reported. 


Incidence and Demographics 

These lesions affect adults ranging in age from 21 to 68 years, although 
the majority of reported cases appear to affect young adults.” 
Although men and women can develop renal paragangliomas, this 
tumor has been more commonly reported in women. 


Localization and Clinical Manifestations 

Renal paragangliomas occur as single lesions and can affect the renal 
parenchyma, renal capsule, or renal hilum.” One patient was 
reported to demonstrate a concurrent carotid paraganglioma,” and 
one case of a metastatic paraganglioma to the kidney has been 
reported.” Patients typically do not present with symptoms character- 
istic of adrenal-based paragangliomas/pheochromocytomas. Rather, 
abdominal pain and hypertension associated with renal artery stenosis 
accompanying a lesion have been reported.” 


Radiographic Features and Gross Pathology 

CT scan reveals a solid lesion of variable size. On gross examination, 
renal paragangliomas are solid with focal calcifications and demon- 
strate a gray-pink cut surface.” On occasion, prominent cystic change 
may be identified.” Although there is a wide range in size, tumors up 
to 18 cm in size have been reported.” 


Histopathology 

Renal paragangliomas demonstrate histologic features similar to those 
identified at other anatomic locations, including nests (“zellballen”) of 
large, polygonal cells with abundant finely granular cytoplasm and 
prominent cell borders. The nuclei are round with one or two medium- 
sized nucleoli. Mitotic figures are rare to absent. Interspersed between 
the nests of tumor cells is a collagen network containing abundant 
blood vessels and sustentacular cells. Based on the morphologic 
description in one case, the renal paraganglioma appeared to arise 
from an intrarenal adrenal gland.” 


Differential Diagnosis 

The differential diagnosis of paragangliomas includes renal carcinoid 
tumor and other tumors with neuroendocrine differentiation. Immu- 
nohistochemical stains show the tumor cells to be immunoreactive for 
synaptophysin, chromogranin, and CD56. A key feature is the presence 
of interspersed sustentacular cells identified by immunostaining 
for S-100. 


Genetics 
Little is known regarding the molecular pathogenesis of these lesions 
in the kidney, although genetic alterations can be proposed to be 
similar to those associated with paragangliomas arising at other 
locations. 


Treatment and Prognosis 

Patients with renal paragangliomas are typically treated by partial or 
radical resection. In one patient who underwent complete resection of 
the renal paraganglioma, pulmonary metastases were identified 13 
years later,” suggesting the potential for metastatic spread in these 
lesions and the need for extended follow-up. 


Renal Carcinoid Tumor 


Renal carcinoid tumors are rare tumors, with approximately 50 cases 
described in the literature. To date, the largest series consists of 21 cases 
reported.” The majority of these tumors occur de novo, although a 
small number have been associated with the presence of horseshoe 
kidney, polycystic kidney disease, or renal teratoma.*'™* 


Incidence and Demographics 
Patients are generally adults, with an average age of 52 years, and there 
appears to be no gender predominance.” 


Localization and Clinical Manifestations 

Renal carcinoid tumors affect the right and left kidneys with equal 
frequency, and no anatomic region of the kidney is preferentially 
affected. The vast majority of these tumors (>95%) are unifocal in 
nature. Patients often present with classic signs and symptoms of 
renal cancer, including back or flank pain, abdominal fullness, and 
hematuria. The carcinoid syndrome is generally not associated with 
this lesion. 


Radiographic Features and Gross Pathology 

Grossly, these lesions appear well-circumscribed, solid, and homoge- 
neous; they range in color from beige to red-brown. Occasionally, 
calcification, hemorrhage, and cystic change may be appreciated. 
Although tumor size varies, the average size is fairly large, approximat- 
ing 6 cm. Radiographic imaging reveals a well-circumscribed mass, 
and somatostatin receptor scintigraphy has been reported to aid in the 
follow-up of patients for recurrent or metastatic disease.*° 


Histopathology 

Histologically, renal carcinoid tumors demonstrate classic carcinoid 
morphology. The majority of cases demonstrate tightly packed cords 
and trabeculae of tumor cells (Fig. 14-11A), although a nested archi- 
tecture accompanied by prominent stroma, solid regions (see 
Fig. 14-11B), and focal glandlike lumina (see Fig. 14-11C) may be 
identified in some cases.® The cells are uniform and monotonous, and 
the nuclei are round with finely granular chromatin. Although grossly 
these lesions appear well-circumscribed, approximately one quarter 
will demonstrate microscopic infiltration through the peritumoral 
capsule. Mitotic activity is low, with most lesions demonstrating 0 to 2 
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è Figure 14-11. Renal carcinoid tumor. A, These lesions are morphologically indistin- 
Aj~ s ] guishable from carcinoid tumors occurring at other locations and demonstrate nests 
and trabeculae of monomorphic cells with round nuclei and finely granular chromatin. 

4 Occasionally, sheetlike growth (B) and focal glandlike lumina (C) may be present. 


mitotic figures per 10 high-power fields. Necrosis is not typical of this 
lesion and, if present, should warrant re-evaluation of the tumor. 


Differential Diagnosis 

The differential diagnosis includes lesions that demonstrate neuroen- 
docrine features, including small-cell carcinoma, primitive neuroecto- 
dermal tumor (PNET), paraganglioma, and neuroblastoma. Small-cell 
carcinoma is characterized by the presence of brisk mitotic activity, 
apoptotic debris, and nuclear molding. PNETs share the monomorphic 
pattern typical of renal carcinoid tumors, although strong immuno- 
histochemical reactivity for CD99 should suggest the diagnosis of 
PNET. The nested architecture in a subset of renal carcinoid tumors 
may raise the differential diagnosis of paraganglioma and neuroblas- 
toma, which, in contrast to renal carcinoid tumor, contain interdigitat- 
ing S-100-positive sustentacular cells and a neurofibrillary background, 
respectively. 


Ancillary Diagnostic Studies 

Immunohistochemical stains for neuroendocrine markers, including 
synaptophysin and chromogranin, are positive in up to 90% of 
cases.® Immunoreactivity for CAM5.2 and vimentin, as well as focal 
immunoreactivity for cytokeratin 7, are also frequently present. 
Reports of positive immunohistochemical staining for prostatic acid 
phosphatase have been published,** although the significance of this 
finding is unclear. TTF1 and WT1 have been negative in all cases 
examined. 


Genetics 

Cytogenetics has only been performed on a few cases of renal carcinoid 
tumor. One prior study has demonstrated loss of heterozygosity of 
3p21 in a single lesion®; a second study has identified an abnormal 
karyotype in a case of renal carcinoid tumor arising in association with 
a horseshoe kidney.” However, a third renal carcinoid tumor demon- 
strated a normal karyotype.® Further studies on a larger number of 
tumors are necessary to determine whether consistent cytogenetic 
changes are present in these lesions. 


Treatment and Prognosis 

Surgical resection of the primary renal carcinoid is the main treatment 
modality for most patients. However, at least 50% of patients demon- 
strate the presence of perioperative metastases to regional lymph 
nodes, liver, and bone, requiring adjuvant systemic therapy.” Long- 
term follow-up of patients with this disease is warranted, because a 
subset will progress with metastatic disease. Despite the high rate of 
metastatic spread associated with renal carcinoid tumors, most patients 
in one study were alive on extended follow-up, with approximately 40% 
having persistent disease.” 


Neuroendocrine Carcinoma/Small-Cell Carcinoma 
Neuroendocrine carcinoma/small-cell carcinoma encompasses a 
spectrum of high-grade epithelial neoplasms with neuroendocrine 
differentiation.” 
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Figure 14-12. Small-cell carcinoma. One end of this needle biopsy (A) is replaced by sheets of small tumor cells that have scant cytoplasm, finely granular chromatin with 


inconspicuous nucleoli, and single cell necrosis (B). 


Incidence and Demographics 

These lesions comprise less than 1% of all renal tumors and typically 
arise in adult patients (average age, 60 years). The distribution appears 
to be equal between males and females. 


Localization and Clinical Manifestations 

Patients often present with abdominal pain and gross hematuria.” 
Neuroendocrine carcinomas are situated centrally within the kidney, 
often involving the renal medulla.” 


Radiographic Features and Gross Pathology 

Due to the rare nature of this lesion, only limited information is avail- 
able regarding imaging, although one study of a large 16-cm lesion did 
not identify distinctive necrosis on MRI.” Grossly, neuroendocrine 
carcinomas are soft, white, and necrotic and have a median diameter 
of 8 cm, although lesions larger than 15 cm have been reported.” 


Histopathology 
These lesions frequently demonstrate a trabecular or diffuse growth 
pattern of round to spindled small blue cells with extensive associated 
necrosis.”° Tumor cells frequently demonstrate hyperchromatic nuclei, 
scant cytoplasm, brisk mitotic activity, necrosis, and nuclear molding, 
typical of small-cell carcinomas at other locations (Fig. 14-12). 
Primary neuroendocrine carcinomas/small-cell carcinomas of the 
kidney often occur centrally and in some instances have been associ- 
ated with the presence of urothelial carcinoma, suggesting a secondary 
involvement of the kidney by a urothelial primary carcinoma in a 
subset of cases. However, we have identified at least one case of renal 
small-cell carcinoma associated with a chromophobe RCC on needle 
biopsy (personal observations, DEH, MZ), suggesting that some 
lesions do indeed arise primarily from the kidney. 


Differential Diagnosis 

Entities in the differential diagnosis of this lesion include metastatic 
small-cell carcinoma to the kidney, PNET, and renal carcinoid tumor. 
Imaging and clinical history are critical to exclude metastatic spread 
of a separate primary neuroendocrine carcinoma/small-cell carcinoma 
to the kidney. Specifically, the presence of an isolated renal lesion favors 
a primary neuroendocrine carcinoma rather than a metastatic lesion. 
PNET can be excluded by the absence of CD99 immunohistochemical 
staining in this lesion. Finally, renal carcinoid tumors lack the extensive 


necrosis, brisk mitotic activity, and apoptotic debris that accompany 
neuroendocrine carcinoma/small-cell carcinoma. 


Ancillary Diagnostic Studies 

Immunohistochemical stains show the tumor cells as generally strongly 
positive for neuroendocrine markers, including synaptophysin, chro- 
mogranin, neuron-specific enolase, and CD56.” In addition, a peri- 
nuclear dotlike immunohistochemical pattern is often identified when 
tumor cells are stained with low molecular weight cytokeratins. Addi- 
tional markers that stain small-cell carcinomas positive and that do not 
indicate pulmonary origin include TTF1 and bcl-2. In needle core 
biopsies when the tissue is crushed we have found Ki-67 to be useful 
in highlighting the elevated apoptosis and proliferative activity of the 
tumor, helping to differentiate from a carcinoid tumor. 


Genetics 
To date, little is known regarding the genetic alterations that influence 
the development of this lesion. 


Treatment and Prognosis 

The majority of patients who develop neuroendocrine carcinoma/ 
small-cell carcinoma of the kidney harbor a poor prognosis, despite 
local or systemic therapy with platinum-based agents.” Commonly, 
regional and distant metastases are present at the time of diagnosis, 
and up to 75% of patients with this diagnosis die within 1 year, irre- 
spective of the treatment modality.”™”* 


Germ Cell Tumors 


Incidence and Demographics 

Primary intrarenal germ cell tumors are rare, with approximately 
30 cases reported in the literature. Of these cases, teratomas form 
the majority of intrarenal germ cell tumors (20 cases), followed 
thereafter by choriocarcinoma and yolk sac tumor. In all instances 
of intrarenal germ cell tumors, metastatic spread from the gonads 
and direct extension from a retroperitoneal primary lesion have to 
be excluded. 

Teratomas are the most commonly reported intrarenal germ cell 
tumor and occur in patients ranging in age from 6 weeks to 71 years, 
with an average of 26 years.” The incidence of intrarenal teratomas is 
approximately equal between males and females. 
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are strongly positive in the carcinoid tumor. (Photomicrographs courtesy of Dr. Anil Parwani, University of Pittsburgh School of Medicine.) 


Localization and Clinical Manifestations 

Intrarenal teratomas appear equally distributed between the right and 
left kidneys and can extensively involve the renal parenchyma, often 
distorting the collecting system. Due to the large size of most intrarenal 
teratomas, patients often present with an abdominal mass, although 
pain and pyelonephritis have also been reported.**”* 


Radiographic Features and Gross Pathology 

Radiographic findings from CT imaging have been frequently reported 
for intrarenal teratomas and typically show a single large, heteroge- 
neous mass with occasional calcifications, cystic change, and necro- 
sis.” These findings often correlate well with the gross pathology, in 
which a unifocal large mass contained within the renal parenchyma is 
identified. Intrarenal teratomas are generally large lesions ranging in 
size from 3.5 to 20 cm, with the majority at least 8 cm in diameter.””'” 
The cut surface of these lesions reflects the inherent heterogeneity and 
is typically solid and glistening with foci of calcification, hemorrhage, 
cystic change, and occasionally necrosis. 


Histopathology 

Histologically, the majority of cases demonstrate ectodermal, mesoder- 
mal, and endodermal elements, although six cases have been reported 
to contain predominantly cystic structures lined by squamous epithe- 
lium and hair follicles, consistent with a dermoid cyst. On occasion, 
these cystic teratomas have been reported to be multifocal in nature” 
and have been associated with the presence of various malformations, 
including horseshoe kidney, renal dysplasia, and duplicated collecting 
systems.””””"°''? An increased frequency of carcinoid tumors has been 
reported to arise within intrarenal teratomas, with 7 cases of carcinoid 
tumor arising within the background of only 20 reported cases of intra- 
renal teratoma” (Fig. 14-13). Patients with an intrarenal teratoma/ 
carcinoid tumor typically present with findings consistent with an 
abdominal mass or pain, rather than the carcinoid syndrome," and 
the morphology of the carcinoid tumor is classic for this entity. 


Differential Diagnosis 

The differential diagnosis for intrarenal teratoma includes secondary 
involvement or metastatic spread of a pre-existent germ cell tumor, 
teratoid Wilms tumor, teratoid nephroblastoma, and renal dysplasia. 
Secondary involvement can be excluded in most cases by clinical 
history and imaging of the patient to exclude additional primary sites. 


A diagnosis of renal dysplasia can be made on careful histologic exami- 
nation and thorough sampling of the resected kidney. The more chal- 
lenging differential diagnosis of intrarenal teratoma includes Wilms 
tumor and nephroblastoma, both of which may demonstrate the pres- 
ence of heterologous elements. 


Ancillary Diagnostic Studies 

Careful pathologic sampling, histologic evaluation of the background 
kidney, and WT-1 immunohistochemical stains can aid in the diagno- 
sis of Wilms tumor. It has been previously proposed that the identifica- 
tion of hair shafts within the tumor will favor a diagnosis of intrarenal 
teratoma over nephroblastoma with heterologous elements, although 
distinction between these two entities remains challenging in many 
instances. Additional ancillary studies have not proven to be of value 
in the diagnosis of intrarenal teratoma. 


Treatment and Prognosis 

The treatment of intrarenal teratoma is surgical resection with lymph 
node dissection. Of all patients treated for this disease, only one patient 
has been reported to demonstrate subsequent progressive disease.” 
The remaining patients, including those diagnosed with carcinoid 
tumor arising in the background of intrarenal teratoma, appear to have 
an excellent prognosis.’ 


Remaining Subtypes of Germ Cell Tumors 

The remaining cases of intrarenal germ cell tumors include choriocarci- 
noma,'**’** two cases of pure yolk sac tumor," and a single case of 
mixed germ cell tumor.’ Choriocarcinoma was reported in both men and 
women, generally of adult age. The diagnosis was confirmed by immuno- 
histochemical stains for B-human chorionic gonadotropin. The clinical 
diagnosis often encompassed a triad of fever, abdominal pain, and gross 
hematuria. Patients with this diagnosis generally demonstrated poor out- 
comes, succumbing to disease following metastatic spread despite chemo- 
therapy. The best-described patient with pure intrarenal yolk sac tumor’ 
was a 1-year-old boy who presented with an 8-cm intrarenal mass. After 
resection and chemotherapy, this patient appeared to be disease-free 
several years on follow-up. The patient who presented with an intrarenal 
mixed germ cell tumor containing elements of yolk sac tumor and tera- 
toma was a 2-year-old girl who presented with a 17-cm mass involving 
the left kidney. Surgical resection and postoperative chemotherapy was 
administered and the patient was disease-free on short-term follow-up. 
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The region of the kidney that is limited by the renal hilum, renal papil- 
lae, and renal sinus fat is known as the renal pelvis. The renal pelvis is 
lined by urothelium that is in continuity with the ureter and is also 
located adjacent to the renal hilar vessels, nerves, and sinus adipose 
tissue.’ Tumors that arise in the renal pelvis, which are overwhelmingly 
urothelial in origin, have unique clinicopathologic characteristics for 
several reasons: they are prone to be multifocal and have a propensity 
to spread “downstream” in a “skip” fashion along the ureter; the close 
proximity of sinus fat makes invasion and subsequent local spread 
easier than renal parenchymal tumors; and the blood supply of the 
renal pelvis comes directly from the renal artery. For these reasons 
renal pelvic tumors have a distinct staging system different from that 
for renal parenchymal tumors (Box 15-1). 

The majority of renal pelvic and ureteral tumors are urothelial in 
origin; rare primary tumors in these locations, arising primarily from 
metaplastic renal pelvic mucosa, include adenocarcinomas and squa- 
mous cell carcinomas. Because primary non-renal cell carcinomas are 
so rare, they should be considered as metastases until proven other- 
wise; metastatic tumors of the kidney are included in this section of 
the book to aid in differential diagnosis. Finally, other tumors fre- 
quently found in the renal pelvis and medulla, such as renomedullary 
interstitial cell tumor and renal lymphomas, are also discussed. 


Benign Urothelial Tumors of the Renal Pelvis 


Incidence and Demographics 
Benign urothelial tumors of the renal pelvis are found much less 
frequently than their malignant counterparts. In essence benign 


urothelial tumors of the renal pelvis are limited to urothelial everted 
and inverted papilloma. Other diagnostic considerations include von 
Brunn nests, pyelitis cystica et glandularis, nephrogenic metaplasia 
(nephrogenic adenoma), and proliferative pyelitis, which are identical 
to their bladder counterparts.’ 

Most reports of inverted papillomas pertain to the bladder, with a 
reported incidence in that location of approximately 2%.’ Approxi- 
mately 40 cases of inverted papillomas have been described, arising 
principally in the renal pelvis.** Despite the relative small number of 
reported cases, there is a strong male predominance, with up to 90% 
of reported cases occurring in males, and a median age of 65 years.’ 
Inverted papilloma is considered a neoplastic growth, but some debate 
still exists as to its pathogenesis, with some arguing that it arises as a 
metaplastic lesion from an inflammatory process (proliferative ureter- 
itis) or that it may be an exaggerated form of von Brunn’s nests, which 
incidentally are often found adjacent to inverted papillomas. Still 
others believe that inverted papillomas are just papillomas that are 
forced to grow in a limited amount of space, such as the renal pelvis, 
resulting in a burrowing downward into the subepithelial connective 
tissue. That view is shared by the current authors; as such the two 
lesions, everted and inverted papilloma, are not separated. 


Localization and Clinical Manifestations 

Published review series of inverted papilloma of the upper urinary 
tract indicate that the distribution is 40% in the renal pelvis, 48% in 
the ureter, and less than 2% synchronous renal pelvic and ureteric 
tumors.*” Both multicentricity of inverted papillomas as well as coex- 
istent malignant urothelial tumors have been reported.”""' The esti- 
mated incidence of multicentric inverted papillomas does not surpass 
5%, with up to 11% of inverted papillomas presenting simultaneously 
with a malignant urothelial tumor in a different anatomic loca- 
tion.**’*"'* Less than 7% are bilateral. Clinical presentation is frequently 
gross hematuria followed by abnormal results on intravenous urogram, 
which demonstrates a filling defect in the renal pelvis. Of note is the 
fact that urinary cytology is often deceptively negative.” This is not 
surprising given the benign nature of the lesion and the downward 
growth pattern with minimal shedding of cells into the urinary stream; 
furthermore, inverted papillomas are generally covered by normal- 
appearing urothelium. A high index of suspicion on the part of the 
urologist, despite negative cytology, usually results in a follow-up 
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Box 15-1. 1999 TNM Staging of Renal Pelvic and Ureteral Tumors 


Primary Tumor (T) 

TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Ta Papillary noninvasive carcinoma 

Tis Carcinoma in situ 

T1 Tumor invades subepithelial connective tissue 

T2 Tumor invades the muscularis 

T3 Tumor invades beyond muscularis into peripelvic fat or the renal parenchyma 
for renal pelvis only) 

T3 Tumor invades beyond muscularis into periureteric fat (for ureter only) 

T4 Tumor invades adjacent organs, or through the kidney into perinephric fat 


Regional Lymph Nodes (N)* 

NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

N1 Metastasis in a single lymph node, 2 cm or less in greatest dimension 

N2 Metastasis in a single lymph node, more than 2 cm but not more than 5 cm 
in greatest dimension; or multiple lymph nodes, none more than 5 cm in 
greatest dimension 

N3 Metastasis in a lymph node, more than 5 cm in greatest dimension 


Distant Metastasis (M) 

MX Distant metastasis cannot be assessed 
MO No distant metastasis 

M1 Distant metastasis 


*Laterality does not affect the N classification. 


confirmatory retrograde ureteropyelogram and subsequent biopsy for 
tissue diagnosis. 


Radiologic Features and Gross Pathology 

The lesions range in size from 1 to 3 cm, and the distinctive radio- 
graphic finding is a filling defect identified on intravenous pyelography 
(IVP).* Grossly the lesions appear as solid polypoid tan-gray tumors 
with either a pedunculated or sessile appearance. When viewed via 
flexible ureteroscopy, the surrounding renal pelvic mucosa does not 
appear erythematous or involved. 


Histopathology 

On low power, an attenuated rim of normal urothelial mucosa is identi- 
fied overlying the downward growth of bland-appearing anastomosing 
cords and nests of urothelium (Fig. 15-1). The urothelium covering the 
tumor may be thinner than normal, of normal thickness, or (rarely) 
hyperplastic. The growth pattern is not destructive but rather has a 


broad front pushing into the underlying connective tissue or lamina 
propria without involvement of the underlying muscularis propria. 
Kunze described two histologic patterns of growth: the first, a trabecu- 
lar pattern with both mucosal and submucosal anastomosing cords and 
trabeculae of urothelium with occasional cystic spaces lined by attenu- 
ated urothelium (Fig. 15-2), and the second, designated as glandular 
and consisting of pseudoglandular nests with occasional goblet cells 
and even focal intestinal metaplasia. This pattern may resemble cystitis 
cystica et glandularis.’ Both patterns are devoid of any destructive 
growth features and the basement membrane is intact. Other patterns 
have been described; these include spindle, basaloid, hyperplastic, and 
neuroendocrine.” Foci of squamous metaplasia can be seen. At the 
cytologic level the predominant finding is a proliferation of bland- 
appearing urothelial cells in which the characteristic central groove of 
the nuclei and peripheral pallisading of the cells is readily appreciated. 
There is no loss of polarity despite the downward growth; cellular 
pleomorphism as well as mitotic activity are exceptional.* 


Differential Diagnosis 

Benign lesions that may enter into the differential diagnosis include 
pyelitis cystica (Fig. 15-3) and proliferative pyelitis (Fig. 15-4), both of 
which lack the trabecular architecture of inverted papilloma. One of 


Figure 15-1. Inverted urothelial papilloma with intact overlying mucosal surface and 
underlying orderly anastomosing trabeculae of uniform urothelium. 


Figure 15-2. Inverted urothelial papilloma with pseudoglandular (A) and glandular variants. (B) Note the lack of nuclear pleomorphism and mitotic activity. 
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the most difficult differential diagnoses in urologic pathology involves 
distinguishing a benign inverted papilloma from a low-grade urothelial 
carcinoma with an endophytic growth pattern.'® This is complicated 
further because the biopsy sample is usually taken with a flexible ure- 
teroscope and the amount of tissue available for histologic evaluation 
is limited at best. This is further confounded by the fact that the cyto- 
logic differences between the two lesions are subtle. Until recently, 
differential diagnosis of these two lesions was not imperative because 
both tumors were treated by nephroureterectomy. However, recent 
advances have resulted in the possibility of endoscopic management 
with the enormous benefit of sparing the kidney and ureter. Therefore, 
distinguishing between a benign inverted papilloma and a low-grade 
urothelial carcinoma with an endophytic growth pattern has become 
imperative. 

Low-grade urothelial carcinomas with an endophytic growth 
pattern tend to have thicker columns of downward-growing urothe- 
lium with irregular cords of cells that transform into more solid 
areas (Fig. 15-5). This is in contrast to the orderly arrangement and 
peripheral palisading of inverted papillomas. Mitoses are usually seen 
in the carcinoma but not in the inverted papilloma. Although both 
urothelial carcinomas with an inverted/endophytic growth pattern and 


glandularis. 


A showing nuclear detail. 


noma. Note intense inflammatory reaction and focal single cell infiltration into underlying connective tissue. 
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nective tissue. Note inflammatory reaction surrounding foci of invasion as well as single 
cell infiltration with paradoxical maturation (abundant eosinophilic cytoplasm). 


inverted papillomas have broad bulbous edges, urothelial carcinomas 
invariably have areas of narrow tentacular extensions into the underly- 
ing lamina propria (Fig. 15-5B). Areas diagnostic of invasion, and as 
such incompatible with a diagnosis of inverted papilloma, include 
cytologic atypia and single cells or nests of urothelium (Fig. 15-6) with 
more abundant eosinophilic cytoplasm (so-called paradoxical matura- 
tion) present in the underlying connective tissue (Fig. 15-7). On low 
power, clues to seeking out invasive areas include foci of patchy chronic 
inflammation, desmoplastic-like change in the underlying stroma, and 
myxoid change or retraction artifact around foci of downward growth. 
The differences between low-grade urothelial carcinoma with an 
inverted growth pattern and inverted papilloma are summarized in 
Table 15-1. 

Distinguishing inverted papilloma from the nested form of urothe- 
lial carcinoma is based on the lack of orderly trabecular and anasto- 
mosing growth pattern of urothelium characteristic of inverted 
papilloma; instead numerous small clusters of tumor cells with decep- 
tively bland cytologic features (Fig. 15-8) are present deep in the sub- 
epithelial connective tissue (lamina propria and muscularis propria for 
ureter). 


Table 15-1. Differences between Inverted Papilloma and Low Grade Urothelial 
Carcinomas with Inverted Growth Pattern 


Inverted Papilloma 


Urothelial Carcinoma with 
Inverted Growth 


Surface Smooth dome-shaped, Variable, usually exophytic papillary 
usually intact surface lesion 
Cytologically unremarkable 
Growth Endophytic, expansile, and — Endophytic, possibly coexisting with 
pattern sharply delineated “broad-front” inverted growth 
lesion pattern; lesional circumscription 
variable 
Ramifying cords and Ramifying cords and trabeculae 
trabeculae of even with irregularity of width and 
width with transition into solid areas 
Destructive invasion of Possible invasion into lamina 
lamina propria or propria or muscularis propria; 
muscularis propria tentacles of urothelium 
absent penetrating subepithelial 
connective tissue 
Adjacent Normal with no dysplasia Frequently dysplastic with 
urothelium high-grade dysplasia 
Cytologic Orderly polarized cells Maturation, spindling, or palisading 
features with tendency to minimal to absent 
spindle and palisade at 
the periphery 
Lack of diffuse and severe  Grade-dependent cytologic atypia 
cytologic atypia present as well as mitosis 
Biologic Benign Recurrence (usually new 
potential occurrences) or progression 


(depending on grade and stage) 


Modified from Amin MB, Gomez JA, Young RH. Urothelial transitional cell carcinoma with endophytic 
growth patterns: a discussion of patterns of invasion and problems associated with assessment of 
invasion in 18 cases. Am J Surg Pathol. 1997;21:1057-1068. 


Ancillary Diagnostic Studies 

As already mentioned, urinary cytology can be deceptively misleading; 
in the majority of cases urinary cytology is consistently negative despite 
a renal pelvic lesion identified via a filling defect with an intravenous 
urogram. Fortunately, follow-up examination with flexible uretero- 
scope and biopsy is now the standard of care. Immunohistochemical 
labeling with p53 and retinoblastoma (RB1) genes can be of use because 
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overall bland morphology is noted, characteristic of the nested variant of invasive urothelial carcinoma. 


these markers frequently are overexpressed in urothelial carcinomas 
but not in benign entities. 


Genetics 

To date no cytogenetic abnormalities have been consistently associated 
with inverted papilloma. However, inverted papillomas lack the spe- 
cific cytogenetic abnormalities associated with urothelial carcinomas, 
such as gains of chromosomes 3, 7, and 17 and loss of chromosome 
9p21, which can be detected using fluorescence in situ hybridization 
(FISH) techniques” (Fig. 15-9). 


Treatment and Prognosis 

Until recently, nephroureterectomy was the standard surgical approach 
to these lesions. The reasoning for this was twofold: the uncertainty as 
to the correct preoperative diagnosis on biopsy and the possibility of 
a coexistent malignant lesion in the renal pelvis or in the ureter. 
However, several urologic reports have shown that with careful 
follow-up the majority of these tumors can be treated with either local 
excision with a cuff of normal renal pelvis* or endoscopic fulguration 
with preservation of renal function.*’® A case-by-case approach is 
advised because some larger lesions, despite having a confirmed benign 
diagnosis, may be better served by a nephroureterectomy. 

The benign clinical course of inverted papillomas is based on their 
bland histologic appearance, lack of invasion, the low incidence of 
multiple tumors, and no reported metastasis.” In those cases in which 
no malignant urothelial tumor coexists, the prognosis is excellent, with 
recurrences only occurring in cases in which either the tumor was not 
completely resected or multiple tumors were present. Some authors 
have shown excellent follow-up with no recurrences in endoscopically 
resected tumors; however, these authors emphasize that this is only 
possible with patients willing to undergo a long-term follow-up pro- 
tocol.* Several reports have documented urothelial carcinoma arising 
in the contralateral ureter up to 8 years after the removal of an inverted 
papilloma.” 


Malignant Urothelial Tumors of the Renal Pelvis 
and Ureter 

Incidence and Demographics 

The true incidence of renal pelvic carcinomas in the United States is 
not known because the great majority of epidemiologic studies to date 


have been conducted using resected nephroureterectomy specimens, 
which may slightly underestimate the overall incidence. Nevertheless, 
urothelial carcinoma of the renal pelvis accounts for 7% of all renal 
tumors.” =” Epidemiologic studies have clearly established the role of 
smoking, exposure to aniline dyes, nonsteroidal analgesics, and geo- 
graphic location, such as Australia, South Africa, and the Balkans, as 
direct etiologic factors.**” A decrease in the risk of renal pelvic and 
ureteral tumors after the cessation of smoking has been documented.” 
Other causes include Taiwan blackfoot disease and hereditary nonpol- 
yposis colorectal cancer.™? There tends to be a slight male predomi- 
nance, with a male-to-female ratio approaching 2: 1, except in analgesic 
abusers, in whom females somewhat predominate. 

Renal pelvic carcinoma was considered a very rare disease until the 
1930s but since then the incidence has markedly increased. Data from 
the Danish Cancer Registry show a more than tenfold increase in the 
number of new cases between the inception of the registry in 1943 and 
the 1980s, when the incidence peaked.” The Swedish Cancer Registry, 
founded in 1958, shows a similar trend, with an incidence of 1 case per 
156,000 inhabitants between 1958 and 1967, and with a peak incidence 
between 1985 and 1989, when there was 1 new case for every 62,000 
inhabitants. The Swedish cases were based on surgical pathology and/ 
or autopsy diagnosis.* In contrast to these two European countries, 
the incidence of renal pelvic carcinoma in the United States remained 
stable between 1973 and 1996.” 

Not only can exposure to phenacetin-containing analgesics result 
in renal papillary necrosis and interstitial nephritis, but the abuse of 
such analgesics is also associated with an increased risk in the develop- 
ment of renal pelvic tumors. This was first described in Sweden but 
was also seen in Switzerland, Belgium, Australia, and South Africa. 
Besides phenacetin, the analgesics contained caffeine and aspirin or 
caffeine and antipyrine.”*” The banning of phenacetin use in the early 
1980s may have contributed to the reduction in the incidence of renal 
pelvic tumors. Finally, patients undergoing retrograde pyelography 
with radioactive Thorotrast have an increased risk of developing renal 
pelvic tumors.” 


Localization and Clinical Manifestations 

Patients tend to be in the seventh decade at the time of presentation, 
with an age range from 40 to 90 years. There is no side predilection, 
with the right kidney and ureter being affected at the same rate as the 
left. Clinically, the most frequent symptom is persistent hematuria with 
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a negative cystoscopy. It should be noted, however, that in at least 30% 
of cases urothelial carcinomas are multifocal within the renal pelvis; 
up to 50% of cases have a previous, synchronous, or subsequent bladder 
carcinoma.” This circumstance reinforces the point that all bladder 
urothelial carcinomas should be worked up for upper tract tumors and 
carefully followed for the development of such lesions. In 2% to 4% of 
cases patients present with synchronous bilateral tumors, and this 
figure approaches 10% in high-risk populations.” Multifocality, defined 
as tumor involving the renal pelvis and the ureter on the same side, is 
present in 25% to 30% of cases.” Development of contralateral meta- 
chronous upper urinary tract tumors occurs within a median time- 
frame of 46 months in approximately 3.5% of cases.” 

Reported time intervals between diagnosis of a primary renal 
pelvic carcinoma and the development of a metachronous bladder or 
ureteral carcinoma on the same side is 22 months. A larger time inter- 
val is reported for the development of a renal pelvic carcinoma 
after the diagnosis of a primary bladder urothelial carcinoma—44 to 
86 months.”””* 


Radiologic Features and Gross Pathology 

The radiographic appearance of malignant urothelial tumors of the 
renal pelvis does not differ significantly from that of their benign 
counterparts. The lesions tend to be larger than benign lesions, ranging 
in size from 1 to 10 cm. Radiographic findings include filling defects 
identified on IVP* Grossly the lesions appear as solid polypoid 


Figure 15-9. Renal pelvic cytology. A, (Left) Normal interphase cells from a negative 
urine control sample exhibiting two copies of each probe signal obtained with the 
Vysis UroVysion Bladder Cancer Recurrence Kit (Vysis, Downers Grove, IL). (Right) 
Abnormal interphase cells in a urine sample from a patient with recurrent bladder 


* cancer showing four copies of chromosomes 3 (red) and 7 (green), three copies of 


chromosome 17 (aqua), and absence of both p76 genes indicated by the absence of 
gold signals. (Photomicrograph courtesy of Dr. Julia A. Bridge, University of Nebraska 
Medical Center.) B and C, Cytologic features of malignant renal pelvic washings. Note 
three-dimensional papillary clusters of malignant urothelial cells with high nuclear-to- 
cytoplasmic ratio and dense chromatin pattern. 


tan-gray tumors with either a pedunculated or sessile appearance; they 
tend to be extremely friable, which makes gross dissection with subse- 
quent accurate staging problematic. Other tumors can distend the 
entire renal pelvis with infiltrative borders into the adjacent renal 
parenchyma or hilar fat. When the tumor is poorly differentiated it 
may have a more fibrous appearance reminiscent of sarcomatoid car- 
cinomas of the kidney. Accompanying hydronephrosis or renal calculi 
are frequent findings. 

IVP has been the standard radiographic examination for macro- 
scopic hematuria. It has been increasingly abandoned in favor of CT 
urography and MRI. Filling defects can be identified and neoplasms 
separated from blood clots based on the differences in intravenous 
contrast “load” between the two. A single intravenous CT urogram is 
often sufficient for the diagnosis of medium-sized renal pelvic tumors. 


Histopathology 

The majority of the tumors display either an exophytic papillary 
appearance or an inverted growth pattern (Fig. 15-10). A solid pattern 
is also relatively common. Histologic features of urothelial differentia- 
tion are usually readily appreciated, with numerous mitotic figures and 
areas of nuclear pleomorphism (Fig. 15-11). The presence of adjacent 
high-grade urothelial dysplasia (carcinoma in situ) makes the differ- 
ential diagnosis of poorly differentiated tumors less problematic (Fig. 
15-12). The most important histologic exercise in renal pelvic carcino- 
mas is accurately staging of the tumor, because stage is the strongest 
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predictor for prognosis.” As mentioned in the section on gross pathol- 
ogy, these tumors are extremely friable; often dislodged fragments of 
tumor can be found in surrounding adipose tissue or even at times 
“pushed” into vascular spaces (Fig. 15-13). It is important to survey 
the entire slide to see if fragments of tumor can be found on the edge 
of the section, which would be compatible with the so-called cutting 
board artifact. The TNM staging system for urothelial carcinomas of 
the renal pelvis is an adaptation of the bladder staging system (see Box 
15-1). Although this system does not address all the subtleties and 
differences between ureteral and renal pelvic mucosa and lamina 
propria, it does present a relatively straightforward staging system. 
Two staging dilemmas are frequently encountered: (1) Urothelial 
carcinomas that have a pushing edge into the underlying subepithelial 
connective tissue with no clearcut evidence of invasion (Fig. 15-14A). 
In these cases deeper sections are often helpful and should focus on 
areas in which a desmoplastic-like stroma (Fig. 15-14B) surrounds 
nests of urothelium, finger-like projections start to bud off (Fig. 15-15) 
from nests with rounded borders, or paradoxical maturation appears 
on the invading edge of the nest. (2) The second dilemma in staging 
arises in tumors that invade at the level of the renal sinus, in which the 
muscularis is thin and irregular and in areas not microscopically rec- 
ognizable. The question then becomes whether the tumor has actually 
invaded beyond the muscularis or has not yet reached it. In these cases 
one should downstage the case unless there is evidence of fat invasion, 
in which case the tumor should be staged as a pT3. Finally, a proposed 
modification of the AJCC/TNM staging system for renal pelvic tumors 
based on studies by Olgac and colleagues and Guinan and colleagues 


Figure 15-10. Invasive urothelial carcinoma of the renal pelvis. Note the exophytic 
friable papillary appearance. 
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should be given serious consideration.”” Basically these authors 
suggest, based on solid scientific data, that pT3 tumors that invade only 
peripelvic fat do not behave like pT3 tumors that invade renal paren- 
chyma. These authors propose subdividing pT3 tumors as pT3a, sinus 
fat invasion; pT3b, renal parenchyma invasion; and pT3c, hilar fat 
invasion. Some reports have attributed worse prognosis to those cases 
associated with vascular invasion; however, such cases are almost 
always high-stage and high-grade tumors.” Despite all attempts to 
accurately stage these tumors, it should be noted that even at large 
cancer centers up to 5% of cases cannot be staged due to uncertainty 
as to the depth of invasion.” 


Histologic Variants and Grading 
The grading scheme for urothelial carcinomas of the renal pelvis is 
the same as that for the bladder. The most recent classification is the 
WHO/ISUP classification of 2004 (first proposed in 1998), in which 
tumors are graded as low (Fig. 15-16) or high grade**'”' (Fig. 15-17). 
One histologic type, micropapillary urothelial carcinoma, deserves 
special mention. Histologically, the presence of tight papillary clusters 
of malignant urothelium surrounded by clear spaces simulating 
vascular space invasion and overall histologic features resembling 
ovarian papillary serous carcinoma are diagnostic features (Fig. 15-18). 
Whereas in the bladder the presence of micropapillary urothelial car- 
cinoma has a distinctly worse prognosis compared to conventional 
urothelial carcinoma, this is not the case in renal pelvic tumors.*'” 
Stage for stage, the prognosis of micropapillary carcinoma of the renal 
pelvis does not differ from renal pelvic urothelial carcinoma conven- 
tional type. In addition neither radiation nor chemotherapy appears to 
play a significant role in the treatment of micropapillary carcinoma of 
the renal pelvis. The histologic findings of a micropapillary carcinoma 
of the renal pelvis should however prompt the exclusion of breast 
metastasis, which has been known to simulate a primary bladder 
carcinoma.” 


Differential Diagnosis 
The differential diagnosis of high-grade invasive urothelial carcinoma 
poses little challenge; the areas of invasion confirm the malignant 
nature of the tumor, and the presence of in situ urothelial carcinoma 
reinforces the histologic impression of a urothelial origin. 

Diagnostic difficulties may arise when distinguishing cases of 
high-grade poorly differentiated sarcomatoid urothelial carcinomas 
from poorly differentiated or sarcomatoid carcinomas of renal origin. 
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Figure 15-11. Invasive urothelial carcinoma of the renal pelvis with intense inflammatory reaction (A) and marked nuclear atypia (B). 


Frequently, urothelial carcinomas have a jagged or irregular infiltrative 
edge as they invade into renal parenchyma, whereas renal cell carcino- 
mas tend to have rounded pushing borders with clear delineation 
between renal cell carcinoma and uninvolved kidney. The presence of 
clear cell, chromophobe, or papillary renal cell features should be 
sought for in several sections on the periphery of the tumor. Immuno- 
histochemistry may be helpful because urothelial tumors tend to be 
cytokeratin 7, cytokeratin 20, and p63 positive. In some cases the renal 
cell carcinoma (RCC) stain may be of use despite being positive in only 
30% of RCCs when used routinely. 

The most challenging differential diagnosis is between low-grade 
urothelial carcinomas with an inverted growth pattern versus inverted 
papilloma of the renal pelvis. This differential diagnosis is discussed in 
depth in the section on benign urothelial tumors of the renal pelvis. 


Ancillary Diagnostic Studies 

The degree of distortion or effacement of the renal pelvic outline on 
IVP tends to correlate well with the degree of tumor infiltration.“ 
Therefore, combining pelvic washings cytology and intravenous 
pyelography may be of use in confirming clinical and pathologic 
impressions of a high-grade invasive tumor. In cases in which an upper 
urinary tract tumor is suspected, voided urine is not recommended. 
Instead a urinary pelvic washing or brushing specimen should be 
obtained; this has a high sensitivity for high-grade lesions (90%), but 
less than 50% for low-grade lesions.** Cytologic accuracy is paramount; 


Figure 15-12. A, Exophytic urothelial carcinoma of the renal pelvis with adjacent 
areas of urothelial carcinoma in situ. B, Overlying renal pelvic urothelial carcinoma in 
situ with underlying colonization of urothelial nests. C, Different area of renal pelvic 
mucosa of the same case with high-grade dysplasia. 


the pathologist should realize that most surgeons will proceed to a 
nephroureterectomy based on a pelvic washings cytology result that is 
positive for malignancy. Diagnoses such as “atypical suggestive of high 
grade lesion,’ or “suspicious for malignancy” should be avoided at all 
costs in urinary pelvic washings given the treatment implications. 

The diagnosis is often difficult to establish in small-sized tumors. A 
retrograde pyelography and collection of urine through an inserted 
urethral catheter may give valuable additional information. Ureteros- 
copy with a rigid or a flexible instrument is now the preferred method 
in uncertain cases. The procedure must be done under general anes- 
thesia, but overnight hospitalization is not required. Biopsies, albeit 
small, can be taken with small-sized forceps. 


Genetics 

No specific cytogenetic abnormalities are unique to renal pelvic carci- 
nomas. Instead the abnormalities are those of urothelial carcinoma 
identified and described in the bladder; they include chromosomal 
losses of 2q, 5q, 9p, 9q, 10g, 13q , 17p, and 18q and loss of Y chromo- 
some. Some of these cytogenetic abnormalities are widely used in 
bladder cancer to detect recurrent low-grade urothelial tumors that are 
not yet cystoscopically visible. Those urothelial carcinomas that are 
associated with the nonpolyposis colorectal cancer syndrome show 
the same microsatellite instability and loss of the mismatch repair 
proteins MSH2, MLH1, and MSH6 as the colorectal cancer.*’ In 
addition these tumors have distinct clinicopathologic features, being 


“s Figure 15-13. Renal pelvic urothelial carcinomas are highly friable and fragment on 
sectioning, and clusters of tumor can be artificially introduced into vessel spaces 
“i (arrow) simulating vascular invasion (A and B) compared to true vascular invasion 
+ (arrows) of the same case with identifiable endothelial cells and admixed red blood 


-2 cells (C). 


the ureter. B, Desmoplastic reaction around focus of invasion; note adjacent glomerulus. 


321 


322 


Practical Renal Pathology 


Figure 15-16. Biopsy of low-grade urothelial carcinoma of the renal pelvis (WHO/ 
ISUP classification 2004). 
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low-grade tumors with inverted growth pattern that predominantly 
affect females. “7 


Treatment and Prognosis 

Conservative management of malignant urothelial tumors of the upper 
urinary tract is complicated by lack of precise preoperative staging and 
grading. For this reason the majority of urothelial carcinomas of the 
upper urinary tract are treated by nephroureterectomy that includes 
the resection of a bladder cuff.™®“*® In earlier series patients frequently 
underwent an intrafascial nephrectomy with partial or total ureterec- 
tomy. The 5-year survival for this procedure has been reported to vary 
between 30% and 80%.”*** The bladder cuff is frequently overlooked at 
the time of gross dissection, often with inadequate histologic sampling, 
despite the fact that it represents the distal urothelial and soft tissue 
margin. Another margin frequently overlooked and not stated in the 
final diagnosis is the perirenal soft tissue margin. This becomes 
particularly important in cases that invade the perinephric fat (pT3). 
In fact patients who underwent intrafascial nephrectomy had a high 
incidence of local recurrence at autopsy (43%), most likely attributed 


Figure 15-17. Biopsy of high-grade urothelial carcinoma of the renal pelvis (WHO/ISUP classification 2004) at low (A) and high (B) magnification. 
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to incomplete resection of tumor in the perirenal fat.” Legitimate argu- 
ments can be made in favor of conservative surgical treatment under 
certain clinical circumstances, these being urothelial carcinoma in 
patients with a solitary kidney, unilateral tumors with renal insuffi- 
ciency, or synchronous bilateral low-grade tumors.” In these cases 
various conservative surgical procedures, such as pyelotomy with local 
excision and fulguration, partial nephroureterectomy with renal auto- 
transplantation, and direct pyelocystostomy or segmental resection of 
the ureter have all been reported with varying degrees of success.” 
With the introduction of the flexible ureteroscope, endoscopic ablation 
of low-grade lesions has gained some support, but recurrences occur 
in 60% to 80% of cases.’ Another possibility is removal of small, 
low-grade tumors through the percutaneous route.” However, the 
absolute majority of newly diagnosed renal pelvic tumors are larger 
than 20 mm in diameter, and as such are not amenable to endoscopic 
treatment.” There is no convincing evidence that either radiation 
or chemotherapy play a role in the treatment of upper urinary tract 
tumors. 

Prognosis of renal pelvic carcinomas is relatively poor, with overall 
survival at 5 years varying between 30% and 80%.” Tumor stage is 
the single most important prognostic factor. Pathologic stages pT1 and 
pT2 have a marked difference in survival compared to pT3 and pT4, 
more so than for lesions of similar grade and stage of the bladder. An 
additional compounding factor is tumor multifocality, which, when 
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Figure 15-18. A, Micropapillary urothelial carcinoma of the renal pelvis. B, Note the 
prominent retraction artifact simulating lymphovascular invasion. C, Tight papillary 
clusters with prominent nuclear atypia. 


present, may have a negative impact on survival. In one series tumors 
that were limited to the pelvis or ureter had 5- and 10-year survivals 
of 65% and 45%, respectively. Survival was significantly lower for those 
tumors that had both renal pelvic and ureteral involvement (multifocal 
tumors), being 34% at 5 years and 21% at 10 years.” In addition, 
micropapillary urothelial carcinomas tend to behave more aggressively 
regardless of stage (Fig. 15-18). As already mentioned, pT3 tumors of 
the renal pelvis behave better than similarly staged pT3 tumors of the 
ureter.” 

The presence of lymph node metastases is an adverse predictor of 
outcome. Unfortunately only 10% of nephroureterectomy specimens 
contain a lymph node dissection. Finally neither a rapid diagnosis 
after symptoms or a treatment delay appears to have an impact on 
survival.*°*” 


Squamous Cell Carcinoma 


Incidence and Demographics 

Between 6% and 15% of renal pelvic tumors are squamous cell carci- 
nomas.***’ The pathogenesis of squamous lesions of the renal pelvis is 
believed to be initiated by chronic irritation of renal pelvic mucosa 
with resultant squamous metaplasia that may develop into squamous 
cell carcinoma. Although some reports have linked squamous cell car- 
cinomas of the renal pelvis with a prior history of either urolithiasis, 
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Figure 15-19. Gross photograph of primary squamous cell carcinoma of the renal 
pelvis. Note the gritty tan-white cut surface with infiltration into the surrounding renal 
parenchyma. 


staghorn calculi, or hydronephrosis, the number of cases with these 
findings are too small to draw definitive conclusions.” There appears 
to be no sex predilection, with the ratio of males to females affected 
being approximately 1:1, and a mean age at presentation of 67 years.” 


Localization and Clinical Manifestations 

There is a slight predilection for the right kidney over the left, with 
bilateral renal involvement being exceptionally rare. Although the 
renal pelvis is the most frequent site of origin, in one third of cases 
the tumor may in fact arise in the ureter; in 7% of cases, it is present 
in both the renal pelvis and the ureter. Clinical presentation is 
frequently macrohematuria followed by local compressive-type symp- 
toms. In addition there is often a history of either urolithiasis with 
staghorn calculi or hydronephrosis. Interestingly, squamous cell carci- 
nomas of the renal pelvis have been associated with paraneoplastic 
syndromessuch as hypercalcemia, leukocytosis, andthrombocytosis.~ °° 


Radiologic Features and Gross Pathology 

Radiologic findings are nonspecific and include a solid renal pelvic 
mass, hydronephrosis, and calcifications. Early metastatic spread is 
common; evidence may be seen on either abdominal or pelvic CT scan. 
Squamous cell carcinomas tend to present as higher stage and higher 
grade tumors than do urothelial carcinomas. As such squamous cell 
carcinomas are on average larger than 5 cm, with gross evidence of 
infiltration into the surrounding renal parenchyma or hilar adipose 
tissue (Fig. 15-19). In contrast to RCC, they rarely involve the renal 
vein. A review of some 800 cases of renal pelvic tumors found renal 
vein invasion in only 1 case (unpublished data by Holmang and 
Johansson). 


Histopathology 

Although 72% of cases are pure high-grade squamous cell carcinomas, 
at least 28% of cases have mixed histologic features, including areas 
of squamous carcinoma with conventional urothelial carcinoma (Figs. 
15-20 and 15-21), micropapillary urothelial carcinoma, small cell car- 
cinoma, and sarcomatoid carcinoma”. The histologic features of squa- 
mous cell carcinomas are similar to those of squamous cell carcinomas 
of any other location. Evidence of keratinization as well as intercellular 
bridges are the hallmarks of diagnosis (Fig. 15-22). Architecturally, the 
tumor tends to grow in solid cohesive nests composed of large slightly 
pleomorphic nuclei with pink amphophilic cytoplasm. Rarely the 
tumor will grow in a papillary pattern but never without areas of solid 
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Figure 15-22. Histologic features of squamous cell carcinoma include evidence of 
keratinization and intercellular bridges. 


growth. Areas of pure papillary growth are more consistent with uro- 
thelial carcinoma than of squamous cell carcinoma. In cases of poorly 
differentiated tumors or those that have sarcomatoid features, differ- 
entiation from a poorly differentiated urothelial carcinoma can be 
challenging. 


Differential Diagnosis 
When the tumors are moderately differentiated and keratinization 
or intercellular bridges are evident, the diagnosis is relatively straight- 
forward. However, in cases in which the tumor is poorly differentiated 
and high stage, either renal carcinoma or urothelial carcinoma need to 
be entertained in the differential diagnsosis. 

Squamous carcinomas tend to have solid growth, whereas urothe- 
lial carcinomas will at least focally almost always have an area of papil- 
lary growth. In addition the presence of urothelial dysplasia or 
carcinoma in situ along the ureter also helps in identifying an urothe- 
lial origin. Unfortunately, by conventional immunohistochemistry it 
is not possible to accurately separate squamous from urothelial carci- 
noma because both are positive for keratin 34BE12, cytokeratin 5/6, 
p63, and thrombomodulin. 

Renal cell carcinomas tend not to invade down the ureter as 
squamous lesions do; in addition, areas of renal carcinoma that are 
better differentiated may be found within the renal cortex. Finally 
immunohistochemistry may be of use because RCCs tend to be nega- 
tive for keratin 34BE12, cytokeratin 7, and cytokeratin 20 and are 
positive for epithelial membrane antigen (EMA), vimentin, CD10, and 
RCC antigen. 


Treatment and Prognosis 
Surgery may sometimes result in cure, but both radiotherapy and che- 
motherapy have been shown to have little benefit. Early metastatic 
spread appears to be the norm rather than the exception; fewer than 
10% of patients survive more than 5 years, with a median survival after 
surgery approaching 7 months.**°>°° 

The most common metastatic sites in order of decreasing incidence 
are regional lymph nodes, lung, liver, and bone. Finally, there appears 
to be no difference in prognosis for patients with pure squamous 
cell carcinoma versus those with mixed urothelial and squamous 
histology. 


Adenocarcinoma 


Incidence and Demographics 

Primary adenocarcinomas of the renal pelvis are extremely rare in 
the pure form, with but a handful of cases being reported in the 
literature.”-”’ The majority of renal pelvic adenocarcinomas arise 
either in conjunction with a urothelial carcinoma’” or represent 
metastases. Primary adenocarcinomas are thought to arise from meta- 
plastic epithelium as a result of chronic inflammatory or irritative 
processes such as nephrolithiasis or infections.”° 


Localization and Clinical Manifestations 

With only a few case reports of primary adenocarcinoma, it is difficult 
to establish preferential areas of localization or clinical presentation. It 
appears that the incidence of primary adenocarcinoma of the renal 
pelvis is less than 1%. To date most cases report a history of either 
recurrent nephrolithiasis or upper urinary tract infections. 


Radiologic Features and Gross Pathology 

Grossly the lesions have a “villous” appearance because the majority of 
these lesions arise in a background of ureteritis glandularis or intestinal 
metaplasia. The renal pelvis is frequently dilated, and the maximum 
size of the lesions varies from 1 to 2 cm. 


Histopathology 

Histologically areas of villous adenoma-like lesions with a papillary 
architecture (Fig. 15-23) are identified as separate lesions or occur 
adjacent to areas of adenocarcinoma (Fig. 15-24), which may be high 
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Figure 15-23. Primary adenocarcinoma of the renal pelvis with villous adenoma-like 
appearance (low power). 


Figure 15-24. Villous adenoma-type lesion adjacent to adenocarcinoma of the renal 
pelvis (medium power). 


grade and poorly differentiated. Focal mucin production is a charac- 
teristic finding and is helpful in cases when a background villous 
adenoma-like lesion is not present. The lining of the renal pelvis may 
show areas of intestinal metaplasia with frequent glandular metaplasia 
(Fig. 15-25). Squamous metaplasia may also be present. 


Differential Diagnosis 

Until proven otherwise, all primary adenocarcinomas of the renal 
pelvis should be a diagnosis of exclusion and metastases actively 
explored and ruled out. Poorly differentiated urothelial carcinomas of 
the renal pelvis frequently have areas of glandular differentiation; 
however, in the latter case areas characteristic of urothelial carcinoma 
are also present. 


Ancillary Diagnostic Studies 

A panel of immunohistochemical markers may be selected on a case- 
by-case basis depending on the clinical context. In cases in which a 
metastasis from a breast primary (Fig. 15-26) is being considered, 
markers for estrogen receptor, gross cystic disease fluid protein-15 
(GCDFP-15), and mammaglobin would be useful (Fig. 15-27). When 
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Figure 15-25. A, Primary renal pelvic adenocarcinomas frequently arise in conjunc- 
tion with urothelial papillary carcinomas. Distinct glandular (B) and mixed (C) areas 
of urothelial and adenocarcinoma are present in this case. 


| 


Figure 15-26. Metastatic breast carcinoma to kidney. Figure 15-27. Metastatic breast carcinoma to kidney with positive staining for 
mammaglobin. 
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peripheral tubules. 


the tumors are poorly differentiated, a simple mucin stain may be 
useful in showing that the tumor is in fact mucin producing. However, 
caution should be used when using a mucin stain to assign a tumor as 
an adenocarcinoma; up to 15% of high-grade urothelial tumors are 
positive with a mucin stain. 


Treatment and Prognosis 

Treatment of choice is nephroureterectomy with a thorough evalua- 
tion of the ureter and bladder to evaluate for skip or multifocal 
lesions.” Little is known about the behavior of these tumors in their 
pure form. 


Renomedullary Interstitial Cell Tumor 


Incidence and Demographics 

From autopsy series it appears that renomedullary interstitial cell 
tumors have an incidence between 44% and 50%. These tumors are 
believed to arise from specialized interstitial cells of the renal medulla 
that produce prostaglandins involved in the regulation of intrarenal 
blood pressure. However, to date there is no conclusive evidence that 
the presence of a renomedullary interstitial cell tumor serves as either 
a contributing or a reducing factor in the patient’s arterial blood 
pressure.” 

Interestingly, the majority of reports in the literature are tumors 
arising in women.” Before 1972 these tumors were known as renal 
fibromas, and it was Lerman who proposed the term renal medullary 
interstitial cell tumor.” 


Localization and Clinical Manifestations 
An interesting finding is that six of the seven earlier descriptions of 
this tumor occurred in women. Because these lesions are incidental 
findings at autopsy, it is not surprising that the majority of the cases 
are asymptomatic. A few published cases document detection of these 
lesions during life; the clinical symptoms include hematuria, both gross 
and microscopic, and flank pain.”**** 

The tumors are always located in the renal medulla and most often 
in the central outer portion of a medullary pyramid. 
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Radiologic Features and Gross Pathology 

These tumors tend to be several millimeters in greatest dimension; as 
such the majority are not likely to be detected by radiographic imaging 
techniques. #™®? 

Grossly, these lesions are usually multiple small nodules ranging in 
size from 1 to 7 mm, with the exceptional case of tumors measuring 
over 4cm being described.”” On sectioning they are well- 
circumscribed pale tan-gray with a “fibrous” cut surface; hence their 
original description as fibromas. 


Histopathology 

Tumor nodules on low power tend to blend with the surrounding 
interstitium and peripherally show either compressed renal paren- 
chyma or incorporated tubules (Fig. 15-28). However, toward the 
center of the tumor small stellate tumor cells embedded in a basophilic 
acellular medullary stroma are identified” (Fig. 15-29). Nuclei tend 
to be vesicular with evenly distributed chromatin. In some areas the 
stroma may appear more keloidal and in fact may contain amyloid” 
(Fig. 15-30). 


Differential Diagnosis 

Rarely do these tumors present as a diagnostic challenge. Occasionally 
on needle core biopsies of the kidney for medical disease an area of a 
renomedullary interstitial tumor may be sampled, which may simulate 
an area of renal scarring. However, the presence of entrapped tubules 
as well as the surrounding collagenized matrix should allow for a 
correct diagnosis. Metanephric stromal tumors may enter into the dif- 
ferential diagnosis because they can be seen in adults; however, these 
tumors tend to have stromal condensation around entrapped tubules 
and blood vessels as well as areas of heterologous glial tissue positive 
for glial fibrillary acidic protein (GFAP). 


Ancillary Diagnostic Studies 

The immunohistochemical profile of renomedullary interstitial cell 
tumors is nonspecific. A trichrome stain may be of use in identifying 
the matrix as collagen and not smooth muscle; in cases of eosinophilic 
deposits consistent with amyloid this can be confirmed with a Congo 
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Figure 15-29. Incidentally identified renal medullary interstitial cell tumor in a patient with renal cell carcinoma. A, High magnification shows stellate spindle cells found in the 
center of the tumor. B, High magnification showing bland oval to spindle and focally stellate-appearing cells. Note lack of nuclear pleomorphism and mitotic activity. 


Figure 15-30. Renal medullary interstitial cell tumor identified on a core biopsy of a transplant patient. A, Normal renal parenchyma (upper cores) and biopsy fragment of renal 
medullary interstitial cell tumor (lower core). B, Higher magnification showing bland interstitial tumor cells with entrapped tubules. 


red or a Thioflavin stain. Vimentin is diffusely and strongly positive, 
and stains for desmin, cytokeratin, smooth muscle actin (SMA), 
and S-100 protein are negative.” In cases in which the differential 
diagnosis is metanephric stromal tumor, those cases tend to be CD34 
positive. 


Genetics 
To date no characteristic cytogenetic abnormality has been associated 
with these tumors. 


Treatment and Prognosis 
By their very nature of being incidental findings, these lesions are of 
course benign and of limited clinical significance. 


Renal Lymphomas 

Incidence and Demographics 

Lymphoproliferative disorders present in the kidney under three dis- 
tinct and unique clinicopathologic circumstances, which leads to their 


delineation as either primary, secondary, or post-transplant lympho- 
proliferative disorders. 

Up until recently there was some debate as to the existence of 
primary renal lymphomas (PRL) because the kidney does not contain 
primary lymphoid tissue. Those that argue in favor of PRL as a bona 
fide entity point to several reports of renal lymphomas confined to the 
kidney without systemic involvement at the time of diagnosis.**”” In 
addition, these authors argue that lymphoid cells can be recruited to 
the kidney by a preexisting inflammatory process, similar to that seen 
in the thyroid, stomach, and salivary gland, and subsequently act as a 
base for the development of lymphoma. The diagnosis of PRL should 
be made strictly in the absence of systemic involvement, and the 
pathologist should only make the diagnosis of PRL in conjunction with 
clinical and radiologic findings.” Even when these criteria are met, 
PRL are very rare tumors and comprise approximately 0.7% of extra- 
nodal lymphomas and 0.1% of all malignant lymphomas.” Fewer than 
100 PRL have been reported in the literature to date. PRL has now 
become an accepted entity and is recognized as such by the World 
Health Organization Classification of Tumors.” 


Renal Pelvic and Ureteral Tumors and Tumors Frequently Found in the Renal Medullary Region 


Figure 15-31. A, MRI image of precursor B-lymphoblastic lymphoma involving renal parenchyma. Note the peripheral infiltrative pattern suggestive of renal lymphoma (arrow). 
B, CT image of the same patient with precursor B-lymphoblastic lymphoma involving kidney with hilar adenopathy. 


Secondary renal lymphoma (SRL) refers to renal involvement 
in patients with a known diagnosis of systemic lymphoma, with 
non-Hodgkin lymphoma being more common than Hodgkin lym- 
phoma.'” This may present either as the initial site of diagnosis, at 
which time further workup highlights the presence of widespread lym- 
phoma originating at a distinct site, or as the second manifestation of 
the disease in a patient with a well-established diagnosis of lymphoma. 
Alternatively, the kidney can be a site of relapse in patients with treated 
lymphoma. Unlike PRL, SRL are quite common in patients with 
advanced-stage disease, although they are usually asymptomatic. "=° 

Solid organ transplant has become more widely available and 
even in the absence of perfectly matched donors the number of renal 
transplants performed annually has steadily increased. As a result 
post-transplant lymphoproliferative disorders are currently the most 
frequent lymphoid disorders encountered in the kidney; these are dis- 
cussed in detail in Chapter 9.101% 

In terms of demographics PRL and SRL usually occur in adults; 
however, they can occur in children as well. 


Localization and Clinical Manifestations 

Both PRL and SRL are usually underdiagnosed antemortem due to the 
lack of specific symptoms. Alhough clinical evidence of renal involve- 
ment by lymphoma is present in only 10% percent of cases, autopsy 
series report incidences as high as 50% to 70%.”*!!°° 

Patients with renal lymphoma—either PRL or SRL—commonly 
present with flank or abdominal pain, although hematuria, hyperten- 
sion, weight loss, and renal insufficiency can occur. Occasionally renal 
lymphoma can even present as acute renal failure.*”'**" These symp- 
toms are entirely nonspecific and can be a manifestation of a spectrum 
of kidney diseases both neoplastic and non-neoplastic.°°””?””!" Given 
the lack of disease-specific symptoms, for PRL and SRL, when patients 
present with a renal mass the clinical impression is often renal cell or 
urothelial carcinoma.'"® In fact PRL is often confused clinically and 
radiologically with other renal neoplasms, usually RCC, and is errone- 
ously treated with nephrectomy.'"’ This seems to be less frequent in the 
modern era of interventional radiology because several cases diag- 
nosed clinically and radiologically as compatible with RCC can be 
correctly diagnosed as lymphoma on needle core biopsy. 

SRL are usually diagnosed late in the disease course, although occa- 
sionally they are the earliest manifestation of an already-established 
systemic lymphoma.” Secondary involvement of the kidney can be 
either a result of hematogenous spread or a direct extension of retro- 
peritoneal disease. The most common mode of presentation for SRL is 


multiple masses, which are often bilateral.'°*'''"'”’ Bilateral disease is 
more frequent in pediatric patients.*”’'’* Although bilateral renal 
involvement is more common in secondary lymphomas,” there are 
reports of bilateral primary renal lymphomas as well.” In general 
bilateral renal involvement and extensive local and distant lymphade- 
nopathy favor a diagnosis of SRL over RCC. Bilateral RCC is uncom- 
mon unless the patient has von Hippel-Lindau disease, in which case 
the incidence of bilaterality is between 10% and 15%.""° Solitary lesions 
are less common and can mimic RCC," 

Another unique finding is that patients with a known diagnosis of 
Hodgkin and non-Hodgkin lymphoma are at increased risk for devel- 
oping a second non-lymphoid malignancy. This is supposedly as a 
result of a combination of factors, including the effects of chemothera- 
peutic drugs, increased long-term survival, and immunodeficiency 
states." Therefore, when renal cell carcinoma is diagnosed in 
patients with a known history of non-Hodgkin lymphoma and vice 
versa, the aforementioned etiologic factors can be considered. However, 
when the two tumors occur simultaneously, etiologic factors such as 
viral infection or common biologic or genetic events that are yet to be 
determined are likely involved.” 


Radiologic Features and Gross Pathology 

As already mentioned PRL are frequently misdiagnosed as RCC on the 
basis of imaging techniques. The presence of a single homogeneous 
non-cystic mass on either ultrasound or CT is most likely RCC. Careful 
attention to the edge of the lesion to detect any infiltrative pattern may 
be helpful in suspecting a renal lymphoma (Fig. 15-31). 

In SRL there can be secondary invasion of the kidney by bulky 
retroperitoneal disease, which can be identified by current imaging 
techniques. However, imaging studies often underestimate renal 
involvement by lymphoma and CT detects renal involvement in only 
3% to 8% of cases. ">"! 

The reason for this discrepancy is that most studies in the literature 
were published using older generation CT scanners with low sensitivity 
for small lesions," >" and many patients reported in the literature did 
not undergo biopsies to document renal involvement.'"' Newer helical 
CT scans have a higher sensitivity; CT can detect smaller lesions and 
therefore highlight renal involvement earlier in the course of the 
disease (Fig. 15-32).'"' In patients in whom intravenous contrast is 
contraindicated, MRI is the imaging modality of choice. 

Renal lymphomas are typically hypovascular with homogenous 
attenuation and minimal enhancement when compared to the typically 
enhancing RCC." Other less frequent CT findings include necrosis, 
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Figure 15-32. CT scan image of diffuse large B-cell lymphoma of the kidney simulat- 
ing a primary renal cell carcinoma. 


Figure 15-33. Low power of diffuse parenchymal type of involvement of renal 
lymphoma. 


spontaneous hemorrhage, heterogeneous attenuation, calcification, 
and (very rarely) cystic transformation.''””'”' In the absence of extra- 
renal disease, biopsy is necessary for a definitive diagnosis. A diffuse 
infiltrating pattern, almost always bilateral, is seen in approximately 
20% of patients and can mimic inflammatory conditions such as xan- 
thogranulomatous pyelonephritis as well as retroperitoneal fibrosis. 

Grossly the tumors of both PRL and SRL have a fleshy appearance 
with a firm consistency and a tan-gray cut surface. They typically lack 
the heterogeneous yellow-red appearance of RCC. The tumors can 
range anywhere from 1 to 22 cm and can replace the entire renal 
parenchyma.'”° Perinephric adipose tissue infiltration and adrenal 
gland involvement, while rare, have been reported. 


Histopathology 

Three main patterns of microscopic renal involvement are recognized: 
(1) diffuse parenchymal involvement (Fig. 15-33); (2) formation of 
tumor masses (Fig. 15-34); and (3) intravascular pattern, which is 
the least common (Fig. 15-35). The histologic appearance varies 
according to the subtype of lymphoma, and virtually all subtypes have 
been described.®™*?®!°®22-12 The microscopic findings are similar to 


Figure 15-35. Intravascular pattern of involvement of renal lymphoma. Malignant 
lymphoma cells are within capillary loops of the glomerulus. 


those in other organs; they are discussed here and are summarized in 
Table 15-2. 


Histologic Variants 

Diffuse large B-cell lymphoma (DLBCL) and its morphologic variants 
are the most common type for both PRL and SRL.**?*'*! Other 
types have been reported, such as small lymphocytic lymphoma 
(SLL),’** extranodal marginal zone lymphoma of mucosa-associated 
lymphoid tissue (MALT lymphoma), anaplastic large-cell lym- 
phoma (ALCL),” follicular lymphoma,"’® Burkitt lymphoma,” and 
intravascular B-cell lymphoma (IVBCL).’” One case of T-cell rich 
large B-cell lymphoma has been reported. 

DLBCL is characterized by a diffuse proliferation of large lymphoid 
cells with open chromatin similar to that seen in other organs (Figs. 
15-36, 15-37A,B). 

Follicular lymphoma contains neoplastic follicles, which can be 
composed of predominantly small cleaved cells, a mixture of small 
cleaved and large cells, or predominantly large cells.'"° 

Involvement of the kidney by MALT lymphoma is extremely rare 
and was first reported by Pelstring and coworkers in 1991.'* The renal 
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Table 15-2. Immunohistochemical Profile of Most Commonly Diagnosed Renal Lymphomas 


Subtype cD3 cD5 CD10 
DLBCL z + i 
ALCL ae as - 
MALT = 2 = 
IVBCL = = 2 


PTCL + n 3 


CLU/SLL = me = 


FL = 3 m 


CD20 CD30 ALK-1 EMA BCL-2 
+ = = = + 
- + + + - 

T - - - + 
= + = = = 
$ - - - + 
$ - - - + 


ALCL, anaplastic large-cell lymphoma; CLL/SLL, chronic lymphocytic leukemia/small lymphocytic lymphoma; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; IVBCL, intravascular B-cell lymphoma; 


MALT, mucosa-associated lymphoid tissue; PTCL, peripheral T-cell lymphoma. 


of large lymphoid cells with 
open chromatin and irregular nuclear contours. Residual renal tubules are identified. 


involvement may be the primary site or it may occur as part of dis- 
seminated lymphoma.’”*'** MALT lymphomas, in most mucosal 
sites, are postulated to be associated with chronic inflammation or an 
autoimmune condition, but the cases reported in the literature so far 
have not shown a similar association in the kidney.’” In the reported 
cases there was frequent involvement of the renal sinus and pelvis. 
Histologically, MALT lymphomas of the kidney are characterized by a 
diffuse infiltrate of monocytoid cells with frequent plasmacytoid dif- 
ferentiation (see Fig. 15-38). 

Primary T-cell lymphomas of the kidney are even more unusual 
than B-cell lymphomas. Case reports have been published describing 
T-cell lymphomas in immunocompetent patients.”°'*"!*° 

Only one case of ALCL of the kidney has been reported; it demon- 
strated diffuse renal infiltration by large lymphoid cells with abnormal 
vesicular nuclei and abundant eosinophilic cytoplasm that were posi- 
tive for CD30, EMA, and anaplastic lymphoma kinase (ALK-1).™ 

Renal involvement in patients with Burkitt lymphoma is not 
uncommon”! and is usually associated with tumor in other extra- 
nodal sites. The morphologic features of Burkitt lymphoma, regardless 


Figure 15-37. Diffuse large B-cell lymphoma. A, Diffuse infiltrate of large lymphoid cells. B, Higher magnification showing large cleaved-appearing nuclei with open chromatin. 
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Figure 15-38. MALT lymphoma. Parenchymal infiltrate of a monotonous population 
of mature lymphocytes with abundant pale cytoplasm. Some of the cells have a plas- 


macytoid appearance. 


glomerular capillaries. 


of the site of involvement, reveal the typical starry sky appearance 
with monotonous intermediate-size cells. Immature B and T lympho- 
blastic leukemias/lymphomas can rarely involve the kidney and are 
morphologically similar to that seen in other sites (see Figs. 15-40 
and 15-42). 

Of particular interest is IVBCL, which is a rare variant of DLBCL, 
and is characterized by proliferation of malignant lymphoid cells 
within small vessels in the kidney, central nervous system, skin, 
and other visceral organs (Fig. 15-39). Since its original description in 
1981 by Jothy and colleagues,’”” most of these cases have been diag- 
nosed postmortem, with a handful of antemortem diagnoses on per- 
cutaneous renal biopsies being published.’ Pathologists should 
be aware of this entity because it can be easily overlooked and the 
diagnosis missed. 


Differential Diagnosis 
Renal involvement by lymphoma is a diagnostic challenge both clini- 
cally and radiologically due to the lack of characteristic imaging 


findings and disease-specific symptoms. However, the histologic find- 
ings of lymphoma are quite distinct; lymphoma can be readily distin- 
guished from carcinoma and reactive inflammatory infiltrates based 
on the histomorphology and immunophenotype (see Table 15-2) (Figs. 
15-40 to 15-42). 

Three conditions that can be easily missed are T-cell rich B-cell 
lymphoma, ALCL, and IVBCL due to the paucity of neoplastic cells. 
Therefore, careful morphologic assessment and judicious use of immu- 
nohistochemical stains as well as a high index of suspicion for these 
three entities is prudent. 


Ancillary Diagnostic Studies 

Immunohistochemical stains are the most important ancillary diag- 
nostic tool for establishing the correct diagnosis and classification of 
lymphoma. Because renal lymphoma is not always clinically suspected, 
fresh tissue is usually not available for flow cytometry or molecular 
studies. Preliminary immunohistochemical workup should include 
pancytokeratin, leukocyte common antigen (LCA), CD20, and CD3 
to broadly classify the tumor as carcinoma or lymphoma. Further 
subclassification of lymphomas requires a more extensive battery of 
immunohistochemical stains. The immunophenotype of common 
renal lymphomas is summarized in Table 15-2. In difficult cases, par- 
ticularly MALT lymphomas, polymerase chain reaction (PCR) for gene 
rearrangements to establish B-cell clonality can be performed on 
paraffin-embedded tissue. 


Genetics 

Genetic alterations depend on the subtype of lymphoma and are 
similar to those associated with lymphomas in other sites. No unique 
site-specific genetic alterations have been described. For example, 
FISH studies for t(14;18), t(2;5), and t(8;14) can be performed, when 
appropriate, to establish a diagnosis of follicular lymphoma, ALCL, and 
Burkitt lymphoma, respectively. 


Treatment and Prognosis 

The prognosis for renal lymphomas depends on the stage and the 
subtype of lymphoma. The treatment of most lymphomas involving 
the kidney is systemic chemotherapy, with regimens tailored to the 
individual subtype. Patients with PRL typically have extrarenal dis- 
semination with a poor prognosis.* The prognosis for DLBCL depends 
on stage and response to chemotherapy, but is usually dismal. MALT 
lymphomas of the kidney have an indolent clinical course similar to 
that for lymphoma in other sites, however; adverse prognostic indica- 
tors include high-grade transformation and disseminated disease, 
including bone marrow involvement.'*? IVBCL has an extremely 
aggressive clinical course, with some authors reporting a 5-month 
median survival from the time of presentation.” 

The prognosis for renal T-cell lymphoma is poor. 


Metastases to the Kidney 


Incidence and Demographics 

Despite the fact that the kidney receives 21% of cardiac output, tumors 
metastatic to the kidney are relatively uncommon when compared to 
tumors metastatic to the nervous system, which receives 15% of the 
total cardiac output. The overall incidence of metastases to the kidney, 
from autopsy series, ranges from 8% to 19%, compared to 35% for 
brain metastases.'**"'”° The relatively low incidence of renal metastases 
despite receiving a high percentage of the cardiac output can be attrib- 
uted to the unique circulation system of the kidney, which is composed 
of two capillary systems—one glomerular and the other peritubular. 
The incidence and demographics of renal metastases have changed 


Figure 15-41. SLL. Diffuse parenchymal infiltrate of small mature lymphoid cells. 


Figure 15-40. T-cell ALL. Interstitial infiltrate of immature cells with open chromatin 
(A). Lymphoblasts are strongly positive for CD3 (B) and TdT (C). 


over the past several years due to the increased radiologic surveillance 
of patients with known malignancies. Suffice to say that metastases to 
the kidney presenting as bilateral masses or multiple masses unilater- 
ally with gross hematuria is no longer the case. 


Localization and Clinical Manifestations 

Contrary to previous reports, which indicated hematuria and protein- 
uria as the most frequent clinical presentation of kidney metastases,’ 
more contemporary studies have shown that more than half of the 
cases are in fact asymptomatic, with 34% of cases being detected by 
CT imaging.'*”'* Hematuria was the presenting symptom in only 5% 
of cases in a survey of 50 patients with renal metastases at MD Ander- 
son Cancer Center. 

Traditionally renal metastases were described as presenting as 
bilateral renal tumors. However, with increased radiologic surveillance 
of patients with extrarenal malignancies only approximately 10% of 
current cases are in fact bilateral. This is in sharp contrast to a previous 
autopsy study that reported bilateral renal masses in 72% of cases.'* 
There is no predilection for either kidney; however, the large volume 
of blood flow that the renal cortex receives makes this the primary 
location of renal metastases, with more than 55% of cases being cen- 
tered in the upper pole of the kidney. In more than half of the cases 
there is radiologic evidence of other organ metastases. 
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Figure 15-42. Precursor B-lymphoblastic lymphoma involving renal parenchyma. 
Same patient as shown in the image in Figure 15-31. A and B, Low-power view of 
cellular infiltrate involving renal parenchyma. Note sharp interface with normal renal 
parenchyma. C, High magnification. The atypical lymphoid cells are small to intermedi- 
ate in size, have a high nuclear to cytoplasmic ratio, and show immature chromatin 
pattern; lymphoblasts show positive staining with CD45 (D) and Pax-5 (E). 
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Radiologic Features and Gross Pathology Table 15-3. Metastases to the Kidney: Incidence and Histologic Subtype 
Radiologic appearances that favor metastases over a primary RCC Primary Organ Origin of Percentage 1 5 
include metastatic disease elsewhere, multiplicity, bilaterality, hetero- System Metastases Tumor Type (%) 
geneous appearance, and perinephric fat involvement.'*’* In at least Thoracic 48 
5% of cases, the radiology will be misleading and may in fact have the 
: . ; ‘ Lung Squamous 25 
radiologic features on CT scan that are frequently associated with 
RCC." Adenocarcinoma 18 
When renal metastases are resected the gross pathology differs 
from that of RCC by the lack of a golden yellow color and in the Small cell 2 
number of masses, which may be more than one. The size of renal Poort diaas erdnm 2 
metastases ranges from 1.5 to 8 cm. 
Gynecologic and Breast 9 
Histopathology Breast Ductal 5 
The frequency and histologic subtype of renal metastases are summa- 
rized in Table 15-3. Adenoid cystic 2 
The organ system that most frequently metastasizes to the kidney 
; À 7 a i Lobular 1 
is the lung, with 19% to 48% of the cases derived from a pulmonary 
primary.’**'*° Of these, the majority tend to be squamous carcinomas rer Leiomyosarcoma 2 
(25%) (Fig. 15-43A,B) followed by adenocarcinoma (18%) (Fig. 15-44) 
and to a much lesser extent small cell carcinomas.'**'*”"'” The gastro- Gastrointestinal 15 
intestinal tract is the second most common organ system to metasta- Colon Adenocarcinoma 13 
size to the kidney, with 13% of the cases derived from colon primaries — - - 
(Fig. 15-45) and 2% from anorectal carcinomas.'”’ Rectal junction Cloacogenic carcinoma 2 
Several case reports of metastatic follicular thyroid carcinoma have Genitouri 
tence enitourinary 
been reported. However, a survey at MD Anderson Cancer Center > : 
found only two cases of metastatic follicular carcinoma of the thyroid.“ Taide Mixedfgermicelltumor 
Reports of a papillary thyroid carcinoma spreading to the kidney tend ve 2 
to be even less frequent.” Malignancies of the head and neck region 
(Figs. 15-46 and 15-47) account for 6% of renal metastases. '**’** Prostate Adenocarcinoma 6-9 
Metastases from the breast range from 9% to 14%,'**'*?"*! including SSeS CERI TA 3 
reports of adenoid cystic carcinomas of the breast metastasizing to the one > anjan dS ontilissue 
kidney.’ Bone (femur) Osteosarcoma 4 
Metastases from testicular tumors range from 6% to 8%,'° the : 
Skin Melanoma 6 


most frequent histologic type being pure seminoma or mixed germ cell 

tumor. In some cases histologically distinguishing a collecting duct Soft tissue Sarcoma 1 
carcinoma from cases of metastatic yolk sac tumor (Fig. 15-48) can be 

extremely challenging; the use of immunohistochemistry (yolk sac Head and Neck 6 
tumor is alpha-fetoprotein positive) and more importantly clinical Thyroid Follicular carcinoma 2 
history of a prior testicular tumor are key to making the diagnosis. 


Other sources of renal metastases include prostate (Fig. 15-49), Parotid Adenoid cystic 1 
bone,“ malignant melanomas, cervical carcinoma, and uterine facgeae AMi asie i 
leiomyosarcoma. 

Pharynx Squamous cell carcinoma 1 


Figure 15-43. Metastatic squamous cell carcinoma of lung involving kidney. A, Irregular foci of squamous cell carcinoma involving renal parenchyma. B, Squamous cell carcinoma 
invading around tubules and sparing glomeruli, a feature frequently found in metastatic tumors. 
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Figure 15-45. Metastatic adenocarcinoma of the colon involving kidney. A, Adeno- 
carcinoma involving kidney invading in between glomeruli and tubules. B, Note the 
cribriform pattern and foci of neutrophils (necrosis). C, Higher magnification demon- 
strating ovoid cigar-shaped nuclei. 


Figure 15-46. Patient with a previously diagnosed adenoid cystic carcinoma of the 
parotid gland (2 years prior) presented with multiple irregular nodules of the right 
kidney. A, Irregular nodules of adenoid cystic carcinoma involving renal parenchyma. 
B, Pseudocystic spaces of adenoid cystic carcinoma with mucoid and eosinophilic 
material with broad pushing front of invasion. C, Cribiform pattern of adenoid cystic 
carcinoma. 


Figure 15-47. Metastatic thyroid carcinoma, Hurthle cell variant. A, Irregular nests of oncocytic-appearing cells infiltrating in between renal parenchymal structures. 
B, Note abundant eosinophilic cytoplasm and prominent nucleoli; however, features supportive of a primary renal cell carcinoma are absent. 
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Differential Diagnosis 

Adenocarcinomas arising in the kidney that cannot be categorized as 
one of the histologic subtypes of RCC should be considered as metas- 
tases until proven otherwise. It is therefore essential to obtain as much 
clinical history as possible as well as to review all radiology results for 
other sites of metastases, remembering that RCCs tend to metastasize 
to bone in a fairly predictable fashion with a radiolytic appearance. 


Ancillary Diagnostic Studies 

The use of fine-needle aspiration in the workup of renal masses that 
are felt to be nonprimaries is the most commonly used diagnostic 
modality.'**'® This technique has been shown to be highly sensitive for 
detecting renal metastases, especially when the histology and site of 
the suspected primary malignancy are known.'® In a small percentage 
of cases in which the patient has widespread metastases, radiologic 
confirmation of a renal mass consistent with metastases may suffice for 
treatment purposes.” 
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Figure 15-48. Metastatic yolk sac tumor of the testis to the left kidney in a patient Rarely are renal metastases the source of renal failure; even less 
with a known diagnosis of mixed germ cell tumor of the right testis. frequently are they the sole cause of the patient’s demise. In 45% of 
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$ #4 Figure 15-49. Patient with a history of prostatic adenocarcinoma, Gleason Score 8 
+ ee F 4 on hormonal therapy, presented with multiple masses of the left kidney. A, Renal 
4 

s> J7 ®@ connective tissue. B and C, Features of metastatic adenocarcinoma include clear 
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pelvic mucosa with cellular nests of adenocarcinoma in the underlying submucosal 
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Renal Pelvic and Ureter: 


Figure 15-50. Primary carcinoid tumor of the kidney has a varied morphologic 

2 Sts : d A spectrum with glandular and trabecular growth patherns (A) and abundant eosino- 

ERS RNN : S ~ = philic cytoplasm (B). C, Characteristic “salt and pepper” chromatin pattern. D, Focal 
NS en ESS : > -~ reactivity for keratin AE1/AE3. E, Diffuse positive staining for chromogranin. 
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cases the patient will present with multiple other organ metastases. 
Treatment varies widely, although most cancer centers would opt for 
systemic chemotherapy. However, if the tumor is localized and the 
patient does not have other organ metastases he or she may be a can- 
didate for metastectomy by partial nephrectomy. The mean time inter- 
val between the primary diagnosis and the subsequent renal metastases 
varies extensively, with the longest interval being reported for thyroid 
metastases (up to 37 years). 15135137 


Other Rare Primary Tumors of the Renal Pelvis 
and Ureter 


A handful of small cell carcinomas of the ureter have been 
reported. These tumors display the same histologic and immuno- 
histochemical features as small cell carcinomas of other sites. As such 
exclusion of metastases from either lung or bladder by clinical and 
radiologic means is imperative. Fortunately, in the majority of cases 
reported to date, a component of urothelial carcinoma has also been 
present. "%6 

Carcinoid tumors (Figs. 15-50 and 15-51) appear to be more pre- 
valent in ureteroileal conduits.’” Fewer than five reported cases exist 
of ureteric pheochromocytoma." 
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GA Í Figure 15-51. Primary carcinoid tumor of the kidney. A and B, Characteristic tra- 
s1 becular, pseudoglandular, and focally rosette architecture. C, Focal sheetlike growth 
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pattern is also observed. 


References 


fli 
2 


Reuter VE. Histology for Pathologists, 2nd ed. Philadelphia: Lippincott-Raven; 1997. 
Gokaslan ST, Krueger JE, Albores-Saavedra J. Symptomatic nephrogenic metaplasia of ureter: 
a morphologic and immunohistochemical study of four cases. Mod Pathol. 2002;15: 
765-770. 


. Kunze E, Schauer A, Schmitt M. Histology and histogenesis of two different types of inverted 


urothelial papillomas. Cancer. 1983;51:348-358. 


. Spevack L, Herschorn S, Srigley J. Inverted papilloma of the upper urinary tract. J Urol. 


1995;153:1202-1204. 


. Chiura AN, Wirtschafter A, Bagley DH, et al. Upper urinary tract inverted papillomas. Urology. 


1998;52:514-516. 


. Schultz RE, Boyle DE. Inverted papilloma of renal pelvis associated with contralateral ureteral 


malignancy and bladder recurrence. J Urol. 1988;139:111-113. 


. Assor D. Inverted papilloma of the renal pelvis. J Urol. 1976;116:654. 
. Bassi P, Piazza R, Milani C, et al. Inverted papilloma of the renal pelvis. Urol Int. 


1991;46:73-76. 


. Anderstrom C, Johansson S, Pettersson S. Inverted papilloma of the urinary tract. J Urol. 


1982;127:1132-1134. 


. Darras J, Inderadjaja N, Vossaert P. Synchronous inverted papilloma of bladder and renal pelvis. 


Urology. 2005;65:798. 


. Page CM, Nelson JH, Drago JR. Multifocal, synchronous inverted papillomas involving the 


ureter. J Urol. 1991;145:357-358. 


. Mattelaer J, Leonard A, Goddeeris P, et al. Inverted papilloma of bladder: clinical significance. 


Urology. 1988;32:192-197. 


. Darras J, Inderadjaja N, Vossaert P, et al. Synchronous inverted papilloma of bladder and renal 


pelvis. Inverted urothelial papilloma. Urology. 2005;65:798. 


Renal Pelvic and Ureteral Tumors and Tumors Frequently Found in the Renal Medullary Region 


32. 


33. 


34. 


35. 


36. 


37: 


38. 


39. 


40. 


41. 


42. 


43. 


44, 


45. 


46. 


. Yamaguchi K, Kitagawa N, Zama S, et al. Inverted papilloma of renal pelvis associated with 


. Vlassopoulos G, Sakkas G, Legaki S, et al. Inverted papilloma of the renal pelvis. Int Urol 


. Amin MB, Gomez JA, Young RH. Urothelial transitional cell carcinoma with endophytic growth 


. Olgac S, 


. Grollman AP, Shibutani S, 


. Witjes JA, van Balken MR, van de Kaa CA. The prognostic value of a primary inverted papilloma 


of the urinary tract. J Urol. 1997;158:1500—1505. 
ransitional cell carcinoma of the bladder. Urol Int. 1988;43:302-304. 
Nephrol. 1992;24:345-346. 


Bostwick D, Lopez-Beltran A. Bladder Biopsy Interpretation. New York: United Pathologis 
Press; 1999. 


a 


patterns: a discussion of patterns of invasion and problems associated with assessment of 
invasion in 18 cases. Am J Surg Pathol. 1997;21:1057-1068. 
ones TD, Zhang S, Lopez-Beltran A, et al. Urothelial carcinoma with an inverted growth 
pattern can be distinguished from inverted papilloma by fluorescence in situ hybridization, 
immunohistochemistry, and morphologic analysis. Am J Surg Pathol. 2007;31:1861—1867. 


. Bagley DH, McCue P, Blackstone AS. Inverted papilloma of renal pelvis: flexible ureteroscopic 


diagnosis and treatment. Urology. 1990;36:336-338. 


. Rozanski TA. Inverted papilloma: an unusual recurrent, multiple and multifocal lesion. J Urol. 


1996;155:1391. 
azumdar M, Dalbagni G, et al. Urothelial carcinoma of the renal pelvis: a 
clinicopathologic study of 130 cases. Am J Surg Pathol. 2004;28:1545-1552. 


. Guinan P, Vogelzang NJ, Randazzo R, et al. Renal pelvic cancer: a review of 611 patients 


reated in Illinois 1975-1985. Cancer Incidence and End Results Committee. Urology. 
992;40:393-399. 


. Nocks BN, Heney NM, Daly JJ, et al. Transitional cell carcinoma of renal pelvis. Urology. 


982;19:472-477. 


. Huben RP, Mounzer AM, Murphy GP. Tumor grade and stage as prognostic variables in upper 


ract urothelial tumors. Cancer. 1988;62:2016-2020. 
johansson S, Angervall L, Bengtsson U, et al. A clinicopathologic and prognostic study of 
epithelial tumors of the renal pelvis. Cancer. 1976;37:1376-1383. 

oriya M, et al. Aristolochic acid and the etiology of endemic 
(Balkan) nephropathy. Proc Natl Acad Sci USA. 2007;104:12129-12134. 


. Blohme |, Johansson S. Renal pelvic neoplasms and atypical urothelium in patients with end- 


stage analgesic nephropathy. Kidney Int. 1981;20:671-675. 
johansson S, Angervall L, Bengtsson U, et al. Uroepithelial tumors of the renal pelvis 
associated with abuse of phenacetin-containing analgesics. Cancer. 1974;33:743-753. 


. McLaughlin JK, Silverman DT, Hsing AW, et al. Cigarette smoking and cancers of the renal 


pelvis and ureter. Cancer Res. 1992;52:254—257. 


. Watson P, Lynch HT. Extracolonic cancer in hereditary nonpolyposis colorectal cancer. Cancer. 


1993:71:677-685. 
Holmang S, Johansson SL. Bilateral metachronous ureteral and renal pelvic carcinomas: 
incidence, clinical presentation, histopathology, treatment and outcome. J Urol. 2006;175: 
69-72. 

Mellemgaard A, Carstensen B, Norgaard N, et al. Trends in the incidence of cancer of the 
kidney, pelvis, ureter and bladder in Denmark 1943—1988. Scand J Urol Nephrol. 1993;27: 
327-332. 
The Swedish Cancer Registry, 2007. http://www.socialstyrelsen.se/register/halsodataregister/ 
cancerregistret/inenglish 

Munoz JJ, Ellison LM. Upper tract urothelial neoplasms: incidence and survival during the last 
2 decades. J Urol. 2000;164:1523-1525. 

Verhaak RL, Harmsen AE, van Unnik AJ. On the frequency of tumor induction in a thorotrast 
kidney. Cancer. 1974;34:2061-2068. 

Holmang S, Johansson SL. Synchronous bilateral ureteral and renal pelvic carcinomas: 
incidence, etiology, treatment and outcome. Cancer. 2004;101:741-747. 

Grabstald H, Whitmore WF, Melamed MR. Renal pelvic tumors. JAMA. 1971;218:845-854. 
Langner C, Hutterer G, Chromecki T, et al. pT classification, grade, and vascular invasion 
as prognostic indicators in urothelial carcinoma of the upper urinary tract. Mod Pathol. 
2006; 19:272-279. 
Epstein JI, Amin MB, Reuter VR, et al. The World Health Organization/International Society 
of Urological Pathology consensus classification of urothelial (transitional cell) neoplasms of 
he urinary bladder. Bladder Consensus Conference Committee. Am J Surg Pathol. 1998;22: 
1435-1448. 
Holmang S, Thomsen J, Johansson SL. 
J Urol. 2006;175:463—467. 
Ramalingam P, Middleton LP, Tamboli P, et al. Invasive micropapillary carcinoma of the breast 
metastatic to the urinary bladder and endometrium: diagnostic pitfalls and review of the 
iterature of tumors with micropapillary features. Ann Diagn Pathol. 2003;7:112-119. 
Deichgraber E, Johansson S. Urothelial renal pelvic tumours in phenacetin abusers. Acta Radiol 
Diagn. (Stockholm) 1975; 16:633-640. 
Witte D, Truong LD, Ramzy |. Transitional cell carcinoma of the renal pelvis the diagnostic role 
of pelvic washings. Am J Clin Pathol. 2002;117:444-450. 

Hartmann A, Dietmaier W, Hofstadter F, et al. Urothelial carcinoma of the upper urinary tract: 
inverted growth pattern is predictive of microsatellite instability. Hum Pathol. 2003;34: 
222-227. 
Hartmann A, Zanardo L, Bocker-Edmonston T, et al. Frequent microsatellite instability in 
sporadic tumors of the upper urinary tract. Cancer Res. 2002;62:6796-6802. 


icropapillary carcinoma of the renal pelvis and ureter. 


47. 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


bo: 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


74. 


75. 


76. 


77. 


78. 


79. 


Woenckhaus M, Stoehr R, Dietmaier W, et al. Microsatellite instability at chromosome 8p in 
non-small cell lung cancer is associated with lymph node metastasis and squamous 
differentiation. Int J Oncol. 2003;23:1357—-1363. 

johansson S, Wahlqvist L. A prognostic study of urothelial renal pelvic tumors: comparison 
between the prognosis of patients treated with intrafascial nephrectomy and perifascial 
nephroureterectomy. Cancer. 1979;43:2525-2531. 

Holmang S, Johansson SL. Tumours of the ureter and renal pelvis treated with resection and 
renal autotransplantation: a study with up to 20 years of follow-up. BJU Int. 2005;95: 
1201-1205. 

Pettersson S, Brynger H, Henriksson C, et al. Treatment of urothelial tumors of the upper 
urinary tract by nephroureterectomy, renal autotransplantation, and pyelocystostomy. Cancer. 
1984;54:379-386. 

Bretan PN Jr., Malone MJ. Complex renal reconstruction. Urol Clin North Am. 1999;26: 
201-217. 
Chen GL, Bagley DH. Ureteroscopic management of upper tract transitional cell carcinoma in 
patients with normal contralateral kidneys. J Urol. 2000; 164:1173-1176. 

Daneshmand S, Quek ML, Huffman JL. Endoscopic management of upper urinary tract 
ransitional cell carcinoma: long-term experience. Cancer. 2003;98:55—60. 

Okada H, Eto H, Hara |, et al. Percutaneous treatment of transitional cell carcinoma of the 
upper urinary tract. Int J Urol. 1997;4:130-133. 

Booth CM, Cameron KM, Pugh RC. Urothelial carcinoma of the kidney and ureter. Br J Urol. 
1980;52:430-435. 
Holmang S, Johansson SL. Impact of diagnostic and treatment delay on survival in patients 
with renal pelvic and ureteral cancer. Scand J Urol Nephrol. 2006;40:479-484. 

Guinan P, Volgelzang NJ, Randazzo R, et al. Renal pelvic transitional cell carcinoma. The role 
of the kidney in tumor-node-metastasis staging. Cancer. 1992;69:1773-1775. 

Holmang S, Lele SM, Johansson SL. Squamous cell carcinoma of the renal pelvis and ureter: 
incidence, symptoms, treatment and outcome. J Urol. 2007;178:51—56. 

Blacher EJ, Johnson DE, Abdul-Karim FW, et al. Squamous cell carcinoma of renal pelvis. 
Urology. 1985;25:124—126. 

Busby JE, Brown GA, Tamboli P, et al. Upper urinary tract tumors with nontransitional 
histology: a single-center experience. Urology. 2006;67:518-523. 

Li MK, Cheung WL. Squamous cell carcinoma of the renal pelvis. J Urol. 1987;138: 
269-271. 
Wagle DC, Moore RH, Murphy GP. Squamous cell carcinoma of the renal pelvis. J Urol. 
1974;111:453-455. 

Diaz Gonzalez R, Barrientos A, Larrodera L, et al. Squamous cell carcinoma of the renal pelvis 
associated with hypercalcemia and the presence of parathyroid hormone-like substances in 
he tumor. J Urol. 1985;133:1029-1030. 

Morita T, Izumi T, Shinohara N, et al. Squamous cell carcinoma of the ureter with marked 
eukocytosis producing granulocyte colony-stimulating factor. Urol Int. 1995;55:32-33. 

Lee M, Sharifi R, Kurtzman NA. Humoral hypercalcemia due to squamous cell carcinoma o 
renal pelvis. Urology. 1988;32:250-253. 

Kinn AC. Squamous cell carcinoma of the renal pelvis. Scand J Urol Nephrol. 1980;14: 
77-80. 

Kobayashi S, Ohmori M, Akaeda T, et al. Primary adenocarcinoma of the renal pelvis. Repo 
of two cases and brief review of literature. Acta Pathol Jpn. 1983;33:589-597. 

Kobayashi S, Ohmori M, Miki H, et al. Exfoliative cytology of a primary adenocarcinoma o 
the renal pelvis. A case report. Acta Cytol. 1985;29:1021-1025. 

Tsuzuki T, Kouketsu H, Ono K, et al. Primary adenocarcinoma of the renal pelvis with specia 
reference to histochemical observations. Pathol Int. 1996;46:791—796. 

Nogales FF, Andujar M, Beltran AL, et al. Adenocarcinoma of the renal pelvis. A report of two 
cases. Urol Int. 1994;52:172-175. 
Spires SE, Banks ER, Cibull ML, et al. Adenocarcinoma of renal pelvis. Arch Pathol Lab Med. 
1993;117:1156-1160. 

Aufderheide AC, Streitz JM. Mucinous adenocarcinoma of the renal pelvis. Report of two cases. 
Cancer. 1974:33:167-173. 

Stein A, Sova Y, Lurie M, et al. Adenocarcinoma of the renal pelvis. Report of two cases, one 
with simultaneous transitional cell carcinoma of the bladder. Urol Int. 1988;43:299-301. 
Takehara K, Nomata K, Eguchi J, et al. Mucinous adenocarcinoma of the renal pelvis associated 
with transitional cell carcinoma in the renal pelvis and the bladder. Int J Urol. 2004;11: 
1016-1018. 
Godec CJ, Murrah VA. Simultaneous occurrence of transitional cell carcinoma and urothelial 
adenocarcinoma associated with xanthogranulomatous pyelonephritis. Urology. 1985;26: 
412-415. 
Ward AM. Glandular neoplasia within the urinary tract. The aetiology of adenocarcinoma of 
the urothelium with a review of the literature. |. Introduction: the origin of glandular epithe- 
lium in the renal pelvis, ureter and bladder. Virchows Arch Pathol Anat. 1971;352:296-311. 
Stuart R, Salyer WR, Salyer DC, et al. Renomedullary interstitial cell lesions and hypertension. 
Hum Pathol. 1976;7:327-332. 
Bircan S, Orhan D, Tulunay O, et al. Renomedullary interstitial cell tumor. Urol Int. 2000;65: 
163-166. 
Tamboli P, Ro JY, Amin MB, et al. Benign tumors and tumor-like lesions of the adult kidney. 
Part Il: Benign mesenchymal and mixed neoplasms, and tumor-like lesions. Adv Anat Pathol. 
2000;7:47-66. 


341 


Practical Renal Pathology 


342 


80. 


81. 


82. 
83. 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


93. 


94. 


95. 


96. 


97; 


98. 


99. 


00. 


01. 


02. 


03. 


04. 


05. 


06. 


07. 


08. 


09. 


Lerman RJ, Pitcock JA, Stephenson P, et al. Renomedullary interstitial cell tumor (formerly 
fibroma of renal medulla). Hum Pathol. 1972;3:559-568. 

Horita Y, Tadokoro M, Taura K, et al. Incidental detection of renomediullary interstitial cell 
tumour in a renal biopsy specimen. Nephrol Dial Transplant. 2004; 19:1007—1008. 

Mai KT. Giant renomedullary interstitial cell tumor. J Urol. 1994;151:986-988. 

Suzuki T, Arai T, Mukae K, et al. Case of renal medullary fibroma. Urology. 1992;40: 
253-255. 

Venizelos ID, Rombis V, Tulupidis S, et al. Primary anaplastic large cell lymphoma of the kidney. 
Leuk Lymphoma. 2003;44:353-355. 

van Gelder T, Michiels JJ, Mulder AH, et al. Renal insufficiency due to bilateral primary renal 
lymphoma. Nephron. 1992;60:108-110. 

Stallone G, Infante B, Manno C, et al. Primary renal lymphoma does exist: case report and 
review of the literature. J Nephrol. 2000; 13:367-372. 

Sieniawska M, Bialasik D, Jedrzejowski A, et al. Bilateral primary renal Burkitt lymphoma 
in a child presenting with acute renal failure. Nephrol Dial Transplant. 1997;12: 
1490-1492. 
Porcaro AB, D'Amico A, Novella G, et al. Primary lymphoma of the kidney. Report of a case 
and update of the literature. Arch Ital Urol Androl. 2002;74:44-47. 

O'Sullivan AW, Lee G, Fitzgerald E, et al. Bilateral primary renal lymphoma. Ir J Med Sci. 
2003;172:44-45. 
O'Riordan E, Reeve R, Houghton JB, et al. Primary bilateral T-cell renal lymphoma presenting 
with sudden loss of renal function. Nephrol Dial Transplant. 2001; 16:1487-1489. 
Karadeniz C, Oguz A, Ataoglu O, et al. Primary renal lymphoma and xanthogranulomatous 
pyelonephritis in childhood. J Nephrol. 2002;15:597-600. 
Kandel LB, McCullough DL, Harrison LH, et al. Primary renal lymphoma. Does it exist? Cancer. 
1987;60:386-391. 
Dimopoulos MA, Moulopoulos LA, Costantinides C, et al. Primary renal lymphoma: a clinical 
and radiological study. J Urol. 1996;155:1865-1867. 
Camitta BM, Casper JT, Kun LE, et al. Isolated bilateral T-cell renal lymphoblastic lymphoma. 
Am J Pediatr Hematol Oncol. 1986;8:8-12. 

Brouland JP, Meeus F, Rossert J, et al. Primary bilateral B-cell renal lymphoma: a case report 
and review of the literature. Am J Kidney Dis. 1994;24:586-589. 

Arranz Arija JA, Carrion JR, Garcia FR, et al. Primary renal lymphoma: report of 3 cases and 
review of the literature. Am J Nephrol. 1994;14:148-153. 

Ahmad AH, Maclennan GT, Listinsky C. Primary renal lymphoma: a rare neoplasm that may 
present as a primary renal mass. J Urol. 2005;173:239. 

Eble JN, Sauter G, Epstein JI, Sesterhenn IA, eds. WHO Classification of Tumors: Pathology 
and Genetics of Tumors of the Urinary System and Male Genital Organs. Lyon: IARC Press; 
2004. 

Murphy WM, Gignon DJ, Perlman EJ. Tumors of the Kidney, Bladder and Related Urinary 
Structures. Washington DC: American Registry of Pathology; 2004. 

Hartman DS, David CJ Jr, Goldman SM, et al. Renal lymphoma: radiologic-pathologic 
correlation of 21 cases. Radiology. 1982;144:759-766. 

Da‘as N, Polliack A, Cohen Y, et al. Kidney involvement and renal manifestations in non- 
Hodgkin's lymphoma and lymphocytic leukemia: a retrospective study in 700 patients. Eur J 
Haematol. 2001;67:158-164. 

Martinez-Maldonado M, Ramirez de Arellano GA. Renal involvement in malignant lymphomas: 
a survey of 49 cases. J Urol. 1966;95:485-488. 

Richmond J, Sherman RS, Diamond HD, et al. Renal lesions associated with malignant 
lymphomas. Am J Med. 1962;32:184-207. 

Ferry JA, Jacobson JO, Conti D, et al. Lymphoproliferative disorders and hematologic 
malignancies following organ transplantation. Mod Pathol. 1989;2:583-592. 
Gassel AM, Westphal E, Hansmann ML, et al. Malignant lymphoma of donor origin after renal 
ransplantation: a case report. Hum Pathol. 1991;22:1291-1293. 
Meduri G, Fromentin L, Vieillefond A, et al. Donor-related non-Hodgkin's lymphoma in a renal 
allograft recipient. Transplant Proc. 1991;23:2649. 
Randhawa PS, Magnone M, Jordan M, et al. Renal allograft involvement by Epstein-Barr 
virus associated post-transplant lymphoproliferative disease. Am J Surg Pathol. 1996;20: 
563-571. 
Chin KC, Perry GJ, Dowling JP, et al. Primary T-cell-rich B-cell lymphoma in the kidney 
presenting with acute renal failure and a second malignancy. Pathology. 1999;31: 
325-327. 
Castellano |, Hernandez MT, Gomez-Martino JR, et al. Acute renal failure as presentation of 
a Burkitt's lymphoma. Am J Kidney Dis. 2000;36:E32. 


oO 


. Ferry JA, Harris NL, Papanicolaou N, et al. Lymphoma of the kidney. A report of 11 cases. Am 


J Surg Pathol. 1995;19:134-144. 


. Urban BA, Fishman EK. Renal lymphoma: CT patterns with emphasis on helical CT. 


Radiographics. 2000;20:197—212. 


. Heiken JP, Gold RP, Schnur MJ, et al. Computed tomography of renal lymphoma with 


ultrasound correlation. J Comput Assist Tomogr. 1983;7:245-250. 


. Cohan RH, Dunnick NR, Leder RA, et al. Computed tomography of renal lymphoma. J Comput 


Assist Tomogr. 1990; 14:933-938. 


. Anderson CM, Pusztai L, Palmer JL, et al. Coincident renal cell carcinoma and nonHodgkin's 


lymphoma: the M.D. Anderson experience and review of the literature. J Urol. 1998;159: 
714-717. 


. Srinivasa NS, 


. Sakemi T, Uchida M, Ikeda Y, et al. Acute renal failure and nephrotic syndrome in a patien 


. Klinger 
. Bhatt GM, Bernardino ME, Graham SD Jr. CT diagnosis of renal metastases. J Comput Assist 


. Lam KY, 


. Dores GM, Metayer C, Curtis RE, et al. Second malignant neoplasms among long-term 


survivors of Hodgkin's disease: a population-based evaluation over 25 years. J Clin Oncol. 
2002;20:3484-3494. 
ihan T, Filippa DA. Coexistence of renal cell carcinoma and malignant lymphoma. A causal 
relationship or coincidental occurrence? Cancer. 1996;77:2325-2331. 

Kunthur A, Wiernik PH, Dutcher JP. Renal parenchymal tumors and lymphoma in the same 
patient: case series and review of the literature. Am J Hematol. 2006;81:27 1-280. 

Reznek RH, Mootoosamy |, Webb JA, et al. CT in renal and perirenal lymphoma: a further 
ook. Clin Radiol. 1990;42:233-238. 


. Szolar DH, Kammerhuber F, Altziebler S, et al. Multiphasic helical CT of the kidney: increased 


conspicuity for detection and characterization of small (< 3-cm) renal masses. Radiology. 
1997;202:211-217. 


. Smith PA, Marshall FF, Fishman EK. Spiral computed tomography evaluation of the kidneys: 


state of the art. Urology. 1998;51:3-11. 


. Eisenberg PJ, Papanicolaou N, Lee MJ, et al. Diagnostic imaging in the evaluation of renal 


lymphoma. Leuk Lymphoma. 1994;16:37-50. 


. Sawa N, Ubara Y, Katori H, et al. Renal intravascular large B-cell lymphoma localized only 


within peritubular capillaries report of a case. Intern Med. 2007;46:657-662. 


. Qiu L, Unger PD, Dillon RW, et al. Low-grade mucosa-associated lymphoid tissue lymphoma 


involving the kidney: report of 3 cases and review of the literature. Arch Pathol Lab Med. 
2006; 130:86-89. 


. Mhawech P, Ahearn J, Medeiros LJ. Pathologic quiz case. A unilateral renal mass in an elderly 


woman. Arch Pathol Lab Med. 2000;124:919-920. 
czkowski KA, Gapin TB, Wajsman Z. Small lymphocytic lymphoma involving an enlarging 
complex renal cyst. Arch Pathol Lab Med. 2005;129:111-112.26 


. D'Agati V, Sablay LB, Knowles DM, et al. Angiotropic large cell lymphoma (intravascular 


malignant lymphomatosis) of the kidney: presentation as minimal change disease. Hum 
Pathol. 1989;20:263-268. 

othy S, Knaack J, Onerheim RM, et al. Renal involvement in malignant histiocytosis. An 
immunoperoxidase marker study. Am J Clin Pathol. 1981;76:183-189. 

Pelstring RJ, Essell JH, Kurtin PJ, et al. Diversity of organ site involvement among malignan 
lymphomas of mucosa-associated tissues. Am J Clin Pathol. 1991;96:738-745. 

uzel E, Mungan MU, Yorukoglu K, et al. Primary renal lymphoma of mucosa-associated 
lymphoid tissue. Urology. 2003;61:463. 
Parveen T, Navarro—Roman L, Medeiros LJ, et al. Low-grade B-cell lymphoma of mucosa- 
associated lymphoid tissue arising in the kidney. Arch Pathol Lab Med. 1993;117:780-783. 
Govern CH, Solez K, et al. Progressive renal failure due to renal invasion and 
parenchymal destruction by adult T-cell lymphoma. Am J Kidney Dis. 1990;16:70-72. 


with T-cell lymphoma. Nephron. 1996;72:326-327. 


. Neuhauser TS, Lancaster K, Haws R, et al. Rapidly progressive T cell lymphoma presenting as 


acute renal failure: case report and review of the literature. Pediatr Pathol Lab Med. 
1997;17:449-460. 


. Neilly J, Bennett NB, Dawson AA, et al. Systemic hypertension—an unusual presentation of 


-cell lymphoma. Clin Lab Haematol. 1994;16:75-78. 


. Miyake JS, Fitterer S, Houghton DC. Diagnosis and characterization of non-Hodgkin's 


lymphoma in a patient with acute renal failure. Am J Kidney Dis. 1990;16:262-263. 
affe ES, Harris NL, Stein S, Vardiman JW. WHO Classification of Tumors: Pathology and 
Genetics of Tumors of Haematopoietic and Lymphoid Tissues. Lyon: IARC Press; 2001. 


. Domizio P, Hall PA, Cotter F, et al. Angiotropic large cell lymphoma (ALCL): morphological, 


immunohistochemical and genotypic studies with analysis of previous reports. Hematol Oncol. 
1989;7:195-206. 


. Pascal RR. Renal manifestations of extrarenal neoplasms. Hum Pathol. 1980;11:7-17. 
. Wagle DG, Moore RH, Murphy GP. Secondary carcinomas of the kidney. J Urol. 1975;114: 


30-32. 


. Olsson CA, Moyer JD, Laferte RO. Pulmonary cancer metastatic to the kidney—a common 


renal neoplasm. J Urol. 1971;105:492-496. 


. Newsam JE, Tulloch WS. Metastatic tumours in the kidney. Br J Urol. 1966;38:1-6. 
. Choyke PL, White EM, Zeman RK, et al. Renal metastases: clinicopathologic and radiologic 


correlation. Radiology. 1987;162:359-363. 


. Tamboli P, Abrahams NA, Wright ET, et al. Metastases to the kidney: a clinicopathologic 


analysis of 50 cases. Mod Pathol. 2003;16:783A. 
E. Secondary tumors of the genito-urinary tract. J Urol. 1951;65:144-153. 


Tomogr. 1983;7:1032-1034. 


. Sampaio CA, McLain D, Klein E, et al. Renal masses simulating primary renal cell carcinoma 


in patients with advanced malignancies. J Urol. 1994;151:1505-1508. 


. Mathew BS, Jayasree K, Gangadharan VP, et al. Renal metastasis from squamous cell 


carcinoma of the lung. Australas Radiol. 1998;42:159-160. 


. Becker WE, Schellhammer PF. Renal metastases from carcinoma of the lung. Br J Urol. 


1986;58:494—498. 


. Chippindale AJ, Bisset RA, Mamtora H. Two patients with symptomatic renal metastases. Clin 


Radiol. 1989:40:95-97. 
g WK. Follicular carcinoma of the thyroid appearing as a solitary renal mass. 
Nephron. 1996;73:323-324. 


Renal Pelvic and Ureteral Tumors and Tumors Frequently Found in the Renal Medullary Region 


51. 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


Graham LD, Roe SM. Metastatic papillary thyroid carcinoma presenting as a primary renal 
neoplasm. Am Surg. 1995;61:732-734. 

Matei DV, Verweij F, Scardino E, et al. Late solitary thyroid carcinoma metastasis to the kidney: 
a case report. Anticancer Res. 2003;23:561-564. 

Insabato L, Di Vizio D, De Rosa G, et al. Renal metastasis from thyroid carcinoma 35 years 
after detection of the primary tumor. Tumori. 2003;89:99-101. 

Davis RI, Corson JM. Renal metastases from well differentiated follicular thyroid carcinoma: 
a case report with light and electron microscopic findings. Cancer. 1979;43:265-268. 
Johnson MW, Morettin LB, Sarles HE, et al. Follicular carcinoma of the thyroid metastatic to 
the kidney 37 years after resection of the primary tumor. J Urol. 1982;127:114-116. 
Takayasu H, Kumamoto Y, Terawaki Y, et al. A case of bilateral metastatic renal tumor 
originating from a thyroid carcinoma. J Urol. 1968;100:717-719. 

Abe K, Hasegawa T, Onodera S, et al. Renal metastasis of thyroid carcinoma. Int J Urol. 
2002;9:656-658. 

Zbaren P, Lehmann W. Frequency and sites of distant metastases in head and neck squamous 
cell carcinoma. An analysis of 101 cases at autopsy. Arch Otolaryngol Head Neck Surg. 
1987;113:762-764. 

Takehara K, Koga S, Nishikido M, et al. Breast cancer metastatic to the kidney. Anticancer 
Res. 1999:19:5571-5573. 

Ridlon HC, McAdams GB. Breast carcinoma metastatic to kidney. J Urol. 1967;98: 
328-330. 

Cifuentes N, Pickren JW. Metastases from carcinoma of mammary gland: an autopsy study. 
J Surg Oncol. 1979;11:193-205. 


62. 


63. 


69. 


70 


Herzberg AJ, Bossen EH, Walther PJ. Adenoid cystic carcinoma of the breast metastatic to the 
kidney. A clinically symptomatic lesion requiring surgical management. Cancer. 1991;68: 
015-1020. 
ohnson DE, Appelt G, Samuels ML, et al. Metastases from testicular carcinoma. Study of 78 
autopsied cases. Urology. 1976;8:234-239. 
. Bubendorf L, Schopfer A, Wagner U, et al. Metastatic patterns of prostate cancer: an autopsy 
study of 1,589 patients. Hum Pathol. 2000;31:578-583. 
. Roy JB, Walton KN. Secondary tumors of the kidney. J Urol. 1970;103:411-413. 
. Gattuso P, Ramzy |, Truong LD, et al. Utilization of fine-needle aspiration in the diagnosis of 
metastatic tumors to the kidney. Diagn Cytopathol. 1999;21:35-38. 
. Essenfeld H, Manivel JC, Benedetto P et al. Small cell carcinoma of the renal pelvis: 
a clinicopathological, morphological and immunohistochemical study of 2 cases. J Urol. 
1990; 144:344-347. 
. Guillou L, Duvoisin B, Chobaz C, et al. Combined small-cell and transitional cell carcinoma of 
he renal pelvis. A light microscopic, immunohistochemical, and ultrastructural study of a case 
with literature review. Arch Pathol Lab Med. 1993;117:239-243. 
Kochevar J. Adenocarcinoid tumor, goblet cell type, arising in a ureteroileal conduit: a case 
report. J Urol. 1984;131:957-959. 
. Atiyeh BA, Barakat AJ, Abumrad NN. Extra-adrenal pheochromocytoma. J Nephrol. 1997; 10: 
25-29. 
. Eble JN, Sauter G, Epstein JI, et al. World Health Organization Classification of Tumours: 
Pathology and Genetics of Tumors of the Urinary System and Male Genital Organs. Lyon: IARC 
Press; 2004. 


343 


Page numbers followed by f refer to figures; page numbers followed by t refer to tables; page 


numbers followed by b refer to boxes. 


A 


AA (aristolochic acid), Chinese herb nephropathy 
and Balkan endemic nephropathy due 
to, 136 
AAMR. See Acute antibody-mediated rejection 
(AAMR). 
Accelerated hypertension, 178 
Accessory renal artery, 8 
Acquired cystic kidney disease (ACKD), 40-42 
clinical manifestations of, 40 
differential diagnosis of, 21t, 41 
histopathology of, 41 
incidence and demographics of, 40 
pathogenesis of, 40-41 
prognosis and treatment for, 41 
radiographic and gross features of, 40-41, 40f 
renal cell carcinoma in, 41-42 
clinical manifestations of, 41 
differential diagnosis of, 42, 42f 
histopathology of, 42, 42f 
incidence and demographics of, 41 
prognosis and treatment for, 42 
radiographic and gross features of, 41-42, 
4lf 
Acquired cystic kidney disease—associated renal 
cell carcinoma, 42, 303, 304f 
Acquired immunodeficiency syndrome 
(AIDS)-associated nephropathy. 
See Human immunodeficiency 


virus-associated nephropathy (HIVAN). 


Acquired partial lipodystrophy (APL), 123-124 
clinical manifestations of, 123 
differential diagnosis of, 124 
histopathology of, 123-124, 123f 
incidence and demographics of, 123-124 
prognosis and treatment for, 124 
synonyms for, 123 
Actinomycetes, granulomatous interstitial 
nephritis due to, 135 
ACTN4 gene, in focal segmental 
glomerulosclerosis, 124 
Acute antibody-mediated rejection (AAMR), 
187-190 
clinical manifestations of, 187-188 
defined, 187 
diagnostic criteria for, 188t 


Acute antibody-mediated rejection (AAMR) 
(Cont.) 
differential diagnosis of, 190 
histopathology of, 188-189 
C4d deposition in, 189, 189f, 190t 
glomeruli in, 188, 188f 
interstitium in, 189 
peritubular capillaries in, 188-189, 189f, 190t 
small arteries and arterioles in, 189, 189f 
incidence and demographics of, 187-190 
prognosis and treatment for, 190 
Acute calcineurin inhibitor toxicity, post- 
transplant, 192-193, 193f 
Acute cellular rejection. See Acute T-cell- 
mediated rejection. 
Acute infectious interstitial nephritis, 128, 129f 
Acute interstitial nephritis (AIN), 128-129 
infectious, 128, 129f 
medication-induced, 129, 129f, 129t 
Acute lymphoblastic leukemia (ALL), T-cell, 333f 
Acute phosphate nephropathy, 143, 145-146 
clinical manifestations of, 145-146 
differential diagnosis of, 146, 147f 
histopathology of, 146, 146f 
treatment and prognosis for, 146 
Acute postinfectious glomerulonephritis, 74-78 
in adults, 76-77 
clinical presentation of, 75 
differential diagnosis of, 71t, 74t, 77 
electron microscopy of, 76, 77f 
etiology and pathogenesis of, 75 
histopathology of, 75-77, 76f 
immunofluorescent staining for, 76, 76f 
incidence and demographics of, 74-75 
mesangial alterations in, 53t 
mesangial and capillary alterations in, 53t 
prognosis and treatment for, 77-78 
Acute pyelonephritis, 128, 139-140 
chronic and focal, 140-141, 141f 
clinical manifestations of, 139 
etiology of, 139 
gross pathology of, 139, 139f 
histopathology of, 128, 129f, 139-140, 
139f-140f 
incidence and demographics of, 139-140 
nonobstructive, 139 


Index 


Acute pyelonephritis (Cont.) 
obstructive, 139 
treatment and prognosis for, 140 
uncomplicated, 128 
Acute T-cell-mediated rejection, 185-187 
Banff classification of, 185, 187t 
clinical manifestations of, 185 
differential diagnosis of, 186-187 
histopathology of, 185-186, 186f 
incidence and demographics of, 185-187 
prognosis and treatment for, 187 
quantitative criteria for, 186t 
Acute tubular injury (ATI), 143-149 
acute tubular necrosis as, 143-145 
heavy metal nephropathy as, 146-147 
due to cadmium, 146-147 
due to chromium, 147 
due to copper, 147 
due to lead, 147 
due to mercury, 147 
morphologic features of, 145b 
oxalate nephropathy as, 147-149 
phosphate nephropathy as, 145-146 
Acute tubular necrosis (ATN), 143-145 
clinical manifestations of, 139-140 
due to delayed graft function, 184, 184f 
from endogenous toxins, 144, 144f-145f 
histopathology of, 144-145, 144f 
apical blebs in, 144-145, 145f 
epithelial cell attenuation in, 144, 144f 
functional recovery in, 144-145 
muddy brown casts in, 143-145, 145f 
proximal tubular widening in, 144f 
rhabdomyolysis in, 144, 144f-145f 
severe, 144-145, 145f-146f 
simplification in, 144-145 
structural recovery in, 144-145, 146f 
incidence and demographics of, 143-145 
morphologic features of, 145b 
radiologic features and gross pathology of, 144 
treatment and prognosis for, 144 
ADAMTS13 deficiency, 107 
Adenocarcinoma, 325-327 
ancillary diagnostic studies of, 325-327, 326f 
differential diagnosis of, 325 
histopathology of, 325, 325f-326f 


345 


Index 


346 


Adenocarcinoma (Cont.) 
incidence and demographics of, 325-327 
localization and clinical manifestations of, 325 
metastatic 
from colon, 336f 
from lung, 336f 
from prostate, 338f 
radiologic features and gross pathology of, 325 
treatment and prognosis for, 327 
Adenofibroma 
metanephric, 224 
nephrogenic, 224 
Adenoid cystic carcinoma, of parotid gland, 
metastatic to kidney, 337f 
Adenoma 
metanephric, 223, 224f 
papillary renal, 260-262 
ancillary diagnostic studies for, 261 
differential diagnosis of, 261 
genetics of, 261 
histopathology of, 261, 261f 
incidence and demographics of, 260-262 
localization and clinical manifestations of, 
261 
radiologic features and gross pathology of, 
261 
treatment and prognosis for, 262 
Adenovirus, in renal allograft recipient, 198-199 
differential diagnosis of, 194t, 198-199 
histopathology of, 198, 198f-199f 
ADPKD. See Autosomal dominant polycystic 
kidney disease (ADPKD). 
Adrenal gland, vs. chromophobe renal cell 
carcinoma, 249, 250f 
Adrenocortical tissue, vs. chromophobe renal cell 
carcinoma, 249, 250f 
Adventitial fibroplasia, 168-169, 168t 
Afferent arterioles, anatomy of, 10, 10f, 12f 
AIDS-associated nephropathy. See Human 
immunodeficiency virus-associated 
nephropathy (HIVAN). 
AIN (acute interstitial nephritis), 128-129 
infectious, 128, 129f 
medication-induced, 129, 129f, 129t 
ALCL (anaplastic large-cell lymphoma), 331, 331t 
Alendronate sodium, granulomatous interstitial 
nephritis due to, 135f 
ALL (acute lymphoblastic leukemia), T-cell, 333f 
Allograft rejection 
antibody-mediated, 187-191 
acute, 187-190 
C4d deposition in, 189, 189f, 190t 
clinical manifestations of, 187-188 
defined, 187 
diagnostic criteria for, 188t 
differential diagnosis of, 190 
glomeruli in, 188, 188f 
histopathology of, 188-189 
incidence and demographics of, 187-190 
interstitium in, 189 
peritubular capillaries in, 188-189, 189f, 
190t 
prognosis and treatment for, 190 
small arteries and arterioles in, 189, 189f 
chronic active (chronic humoral, transplant 
glomerulopathy), 190-191 
clinical manifestations of, 190 
differential diagnosis of, 191 
histopathology of, 190-191, 190f 
pathogenesis of, 191 
ultrastructure of, 190-191, 191f 
classification of, 188t 
T-cell-mediated (cellular) 
acute, 185-187 
Banff classification of, 185, 187t 
clinical manifestations of, 185 


Allograft rejection (Cont.) 
T-cell-mediated (cellular) (cont.) 
acute (cont.) 
differential diagnosis of, 186-187 
histopathology of, 185-186, 186f 
incidence and demographics of, 185-187 
prognosis and treatment for, 187 
quantitative criteria for, 186t 
chronic active, 186, 187f, 187t 
a-galactosidase A (01-Gal A) deficiency, 117 
Alport syndrome, 115-117 
clinical manifestations of, 115 
differential diagnosis of, 117 
vs. thin glomerular basement membrane 
nephropathy, 114, 116t, 117 
etiology and pathogenesis of, 115 
genotype and immunophenotype of, 115-116, 
116t 
histopathology of, 115-116, 115f 
incidence and demographics of, 115-117 
prognosis and treatment for, 117 
ultrastructure of, 115-116, 116f 
X-linked 
clinical manifestations of, 115 
etiology and pathogenesis of, 115 
genotype and immunophenotype of, 
115-116, 116t 
incidence and demographics of, 115-117 
AMACR, in renal neoplasms, 204t, 209, 210f 
Amyloidosis, 88-92 
biopsy of, 49-50, 50f 
classification of, 88 
amyloid A (AA, secondary, reactive), 88-89 
B.-microglobulin (Bm, dialysis-related), 88 
familial (AF), 88-89 
heavy chain (AH), 88 
hereditary, 88 
with leukocyte chemotactic factor 2 
(LECT2), 88 
light-chain (AL, primary), 88-89 
senile systemic, 88 
clinical manifestations of, 89 
differential diagnosis of, 90-91 
vs. immunotactoid glomerulonephritis, 
107t 
electron microscopy of, 89, 91f 
histopathology of, 89-90 
amyloid spicules in, 89, 89f 
arterial amyloid in, 89, 90f 
capillary wall amyloid deposits in, 89, 89f 
Congo red staining in, 89, 90f 
glomerular amyloid in, 89, 89f-90f 
hematoxylin and eosin staining in, 89, 
89f-90f 
periodic acid-Schiff staining in, 89, 90f 
silver staining in, 89, 89f 
immunofluorescence of, 89, 91f 
immunohistochemical studies of, 89-90, 91f 
incidence and demographics of, 89 
mesangial and capillary alterations in, 53t 
nodular mesangial sclerosis in, 84, 84t 
prognosis and treatment for, 91-92 
in renal allograft recipient, 201 
ANA (antinuclear antibodies), in systemic 
sclerosis, 176, 176t 
Analgesic nephropathy, 138-139, 138f 
Anaplasia, in nephroblastoma, 218, 220b 
Anaplastic large-cell lymphoma (ALCL), 331, 
331t 
Anaplastic sarcoma of the kidney, 224 
Anatomy, of kidney, 9-14 
gross, 9, 9f 
microscopic, 10-14 
of distal nephron, 11f-13f, 12-14 
of loop of Henle, 11f, 12 
of nephron, 10, 11f 


Anatomy, of kidney (Cont.) 
microscopic (cont.) 
of proximal tubules, 11-12, 11f-13f 
of renal corpuscle, 10-11, 12f 
renal circulation in, 9-10, 10f 
ANCA(s) (antineutrophil cytoplasmic antibodies), 
100 
ANCA (antineutrophil cytoplasmic antibody)- 
associated glomerulonephritis. See 
Pauci-immune necrotizing and 
crescentic glomerulonephritis. 
Ancillary studies, of renal neoplasms, 207-213 
cell block for, 204, 204t 
electron microscopy as, 212-213 
flow cytometric analysis as, 210 
fluorescence in situ hybridization as, 210-212, 
211f, 213t 
break-apart, 212, 212f 
dual fusion, 212, 213f 
numeration, 212, 212f 
immunohistochemistry as, 204t, 207-209, 208f 
Ber-EP4 in, 209 
carbonic anhydrase 9 (CA IX) in, 204t, 209, 
210f-211f 
CD10 in, 209 
CD117 in, 204t, 209 
cell block for, 204, 204t 
cytokeratin 7 in, 204t, 209 
high-molecular weight cytokeratin in, 204t, 
209 
low-molecular weight cytokeratin in, 204t, 
208, 208f 
napsin A in, 204t, 209, 210f 
P504S in, 204t, 209, 210f 
Pax2 in, 204t, 209 
Pax8 in, 204t, 208 
pVHL in, 204t, 209 
RCC antibody in, 204t, 209 
vimentin in, 204t, 209 
Anderson, William, 117 
Anderson-Fabry disease. See Fabry disease. 
Angiitis, cutaneous leukocytoclastic, 100t 
Angiokeratoma corporis diffusum, 117-118 
Angiomyolipoma. See Renal angiomyolipoma 
(RAML). 
Angiosarcoma, 285-286 
ancillary diagnostic studies of, 286, 286f 
differential diagnosis of, 285 
histopathology of, 285 
high-power view of, 285f-286f 
intermediate-power view of, 285f 
low-power view of, 285f 
incidence and demographics of, 285-286 
localization and clinical manifestations of, 285 
radiologic features and gross pathology of, 285 
treatment and prognosis for, 286 
Anterior inferior segmental artery, 10f 
Anterior superior segmental artery, 10f 
Antibiotics, acute interstitial nephritis due to, 129, 
129t 
Antibodies, in renal neoplasms, 204t, 207-208 
Antibody-mediated rejection, 187-191 
acute, 187-190 
clinical manifestations of, 187-188 
defined, 187 
diagnostic criteria for, 188t 
differential diagnosis of, 190 
histopathology of, 188-189 
C4d deposition in, 189, 189f, 190t 
glomeruli in, 188, 188f 
interstitium in, 189 
peritubular capillaries in, 188-189, 189f, 
190t 
small arteries and arterioles in, 189, 189f 
incidence and demographics of, 187-190 
prognosis and treatment for, 190 
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Antibody-mediated rejection (Cont.) 
chronic active (chronic humoral, transplant 
glomerulopathy), 190-191 
clinical manifestations of, 190 
differential diagnosis of, 191 
histopathology of, 190-191, 190f 
pathogenesis of, 191 
ultrastructure of, 190-191, 191f 
classification of, 188t 
Anti-glomerular basement membrane (anti-GBM 
antibody)-mediated 
glomerulonephritis, 98-100 
clinical presentation of, 98 
differential diagnosis of, 99-100, 100t 
etiology and pathogenesis of, 98 
histopathology of, 98-99, 98f-99f 
immunofluorescence staining of, 99, 99f 
prognosis and treatment for, 100 
in renal allograft recipient, 200-201 
ultrastructural examination of, 99 
Antimyeloperoxidase (anti- MPO) antibodies, 100 
Antineutrophil cytoplasmic antibody(ies) 
(ANCAs), 100 
Antineutrophil cytoplasmic antibody (ANCA)- 
associated glomerulonephritis. See 
Pauci-immune necrotizing and 
crescentic glomerulonephritis. 
Antinuclear antibodies (ANA), in systemic 
sclerosis, 176, 176t 
Antiphospholipid syndrome, 87, 87f 
Antiproteinase 3 (anti-PR3) antibodies, 100-101 
Anti-TBM-associated interstitial nephritis, 130 
differential diagnosis of, 130 
histopathology of, 130 
incidence and demographics of, 130 
Aortic arch syndrome. See Takayasu arteritis 
(TA). 
Apical blebs, in acute tubular necrosis, 144-145, 
145f 
Apical brush border, of proximal convoluted 
tubule, 11, 13f 
APL. See Acquired partial lipodystrophy (APL). 
APOE gene, in lipoprotein glomerulopathy, 119 
Apolipoprotein E (ApoE), in lipoprotein 
glomerulopathy, 119 
Aquaporins, 12 
Arcuate arteries, 10, 10f 
Arcuate vein, 10f 
Aristolochic acid (AA), Chinese herb 
nephropathy and Balkan endemic 
nephropathy due to, 136 
ARPKD. See Autosomal recessive polycystic 
kidney disease (ARPKD). 
Arterial intimal fibrosis, chronic allograft injury 
due to, 194t 
Arteriolar hyalinosis, chronic allograft injury due 
to, 194t 
Arterioles, in renal biopsy interpretation, 51, 52f 
Arteriolosclerosis, hyaline, in hypertensive 
nephrosclerosis, 160, 161f 
Arteriopathic disease, 175-179 
hypertensive crisis as, 178-179 
systemic sclerosis as, 175-178 
Arteriovenous fistulas (AVFs), 170-171 
clinical manifestations of, 170 
differential diagnosis of, 170 
gross pathology of, 170 
histopathology of, 170 
incidence and demographics of, 170 
due to percutaneous renal biopsy, 48 
prognosis and treatment for, 170-171 
radiologic features of, 170 
Arteriovenous malformations (AVMs), 170-171 
classification of, 170, 170t 
clinical manifestations of, 170 
differential diagnosis of, 170 


Arteriovenous malformations (AVMs) (Cont.) 
gross pathology of, 170 
histopathology of, 170 
incidence and demographics of, 170 
prognosis and treatment for, 170-171 
radiologic features of, 170 
Arteritis, 171-175 
giant cell (temporal), 173-174 
clinical manifestations of, 173 
differential diagnosis of, 100t, 171t, 173-174 
histopathology of, 173, 174f 
incidence and demographics of, 173 
prognosis and treatment for, 174 
radiologic features of, 173 
Kawasaki disease as, 174-175 
clinical manifestations of, 174 
differential diagnosis of, 100t, 171t, 174 
histopathology of, 174 
incidence and demographics of, 174 
prognosis and treatment for, 175 
polyarteritis nodosa as, 171-172 
clinical manifestations of, 171 
differential diagnosis of, 100t, 171t, 172 
histopathology of, 172, 172f 
incidence and demographics of, 171 
prognosis and treatment for, 172 
radiologic features of, 171 
Takayasu, 172-173 
clinical manifestations of, 172 
differential diagnosis of, 100t, 171t, 173 
histopathology of, 173 
incidence and demographics of, 172 
prognosis and treatment for, 173 
radiologic features of, 172-173 
synonyms for, 172 
Artery(ies), in renal biopsy interpretation, 51, 52f 
Arthrodysplasia. See Nail-patella syndrome. 
Aspergillus, granulomatous interstitial nephritis 
due to, 135 
ASPL-TFE3 gene fusion, tumors associated with, 
292, 292t, 294 
Atheroembolic renal disease, 162-165 
clinical manifestations of, 162-163 
differential diagnosis of, 164-165 
electron microscopy of, 164, 164f 
etiology of, 162 
gross pathology of, 163, 163f 
histopathology of, 163-164 
cholesterol clefts in, 163-164, 163f-164f 
cortical infarct in, 163-164, 163f-164f 
fibrin-platelet debris in, 163-164 
focal hemorrhage in, 163f 
giant cells in, 163-164 
incidence and demographics of, 162 
pathogenesis of, 162 
prognosis and treatment for, 165 
radiologic features of, 163 
synonyms for, 162 
Atheroembolism, cholesterol, 162 
Atherosclerotic plaque, 162 
Atherosclerotic renal artery stenosis. See Renal 
artery stenosis (RAS). 
Atherosclerotic renovascular disease. See Renal 
artery stenosis (RAS). 
ATI. See Acute tubular injury (ATI). 
ATN. See Acute tubular necrosis (ATN). 
Atypical teratoid rhabdoid tumor (AT/RT), 223 
Autoantigen complementarity, theory of, 101 
Autosomal dominant polycystic kidney disease 
(ADPKD), 17-22 
in adults and older children, 18-21 
clinical manifestations of, 19 
differential diagnosis of, 20, 21t, 26t 
vs. glomerulocystic kidney, 37 
gross features of, 19, 19f-20f 
histopathology of, 20, 20f 


Autosomal dominant polycystic kidney disease 
(ADPKD) (Cont.) 
in adults and older children (cont.) 
incidence and demographics of, 18 
prognosis and treatment for, 21 
radiographic features of, 19, 19f 
with renal cell carcinoma, 19, 20f 
genetics of, 17, 18t 
in infants, 21-22 
clinical manifestations of, 22 
differential diagnosis of, 22 
histopathology of, 22 
incidence and demographics of, 22 
prognosis and treatment for, 22 
radiographic and gross features of, 22 
in TSC2/PKD1 contiguous gene syndrome, 22 
Autosomal recessive polycystic kidney disease 
(ARPKD), 22-24 
clinical manifestations of, 23 
differential diagnosis of, 21t, 24 
vs. glomerulocystic kidney, 37 
histopathology of, 24, 25f 
incidence and demographics of, 23 
molecular diagnosis for, 24 
pathogenesis and genetics of, 18t, 22-24 
prognosis and treatment for, 24 
radiographic and gross features of, 23-24, 
23f-24f 
AVFs. See Arteriovenous fistulas (AVFs). 
AVMs. See Arteriovenous malformations (AVMs). 
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B.-microglobulin (Bam amyloidosis), 88 

Bacterial infectious processes, tubulointerstitial 
injury due to, 141-142 

in malacoplakia and megalocytic interstitial 
nephritis, 142, 142f-143f 

in xanthogranulomatous pyelonephritis, 
141-142, 142f 

Balkan endemic nephropathy (BEN), 136-137 

Banff classification, of T-cell-mediated rejection, 
185, 187t 

Bardet-Biedl syndrome, 30 

Barraquer-Simons syndrome. See Acquired partial 
lipodystrophy (APL). 

Basal interdigitation, in proximal convoluted 
tubule, 11, 13f 

Basement membrane, 11, 12f 

Beckwith-Wiedemann syndrome, 8 

nephroblastoma in, 216-217, 216t 

BEN (Balkan endemic nephropathy), 136-137 

Benign essential hematuria. See Thin glomerular 
basement membrane nephropathy 
(TGBMN). 

Benign familial hematuria. See Thin glomerular 
basement membrane nephropathy 
(TGBMN). 

Benign nephrosclerosis. See Hypertensive 
nephrosclerosis. 

Benign recurrent hematuria. See Immunoglobulin 
A (IgA) nephropathy. 

Ber-EP4, in renal neoplasms, 209 

Berger's disease. See Immunoglobulin A (IgA) 
nephropathy. 

Bernstein, Jay, 33 

Biopsy. See Renal biopsy. 

Birt-Hogg-Dube syndrome, 294t, 296-298, 298f 

BK virus 

in renal allograft recipient, 196-198 
differential diagnosis of, 194t, 198 
histopathology of, 197, 197f 
immunohistochemistry and in situ 

hybridization for, 197, 197f 
ultrastructure of, 197, 198f 
urine cytology in, 197, 198f 
tubulointerstitial injury due to, 143f 
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BK virus nephropathy (BKVN), in renal allograft 
recipient, 197 
Blastomyces, granulomatous interstitial nephritis 
due to, 135 
Blood pressure, normal, 159-160 
Bloom syndrome, nephroblastoma in, 216t, 217 
Bmp7, in renal development, 6, 6t 
Bone morphogenetic protein-4 (BMP4), in 
formation of nephric duct, 4 
Bone morphogenetic protein-7 (BMP7), in renal 
development, 6 
Bone-metastasizing renal tumor of childhood, 
223 
Bonsib, Stephen M., 16 
BOR (branchio-oto-renal) syndrome, 8 
Bosniak classification, of multilocular cystic renal 
cell carcinoma, 236 
Botryoid nephroblastoma, 217 
Bowman's capsule 
anatomy of, 10-11, 12f 
development of, 3, 4f-5f 
normal histologic appearance of, 57, 58f 
Bowman's space, 12f, 57, 58f 
Branchio-oto-renal (BOR) syndrome, 8 
Break-apart FISH, of renal neoplasms, 212, 212f 
Breast carcinoma, metastatic to kidney, 325-327, 
326f, 335 
Bright, Richard, 75 
Bright’s disease, 75 
Burkitt lymphoma, 331-332 
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Clq nephropathy, differential diagnosis of, 71t 
C4d deposition, in acute antibody-mediated 
rejection, 189, 189f, 190t 
CA IX (carbonic anhydrase 9), in renal 
neoplasms, 204t, 209, 210f-211f 
Cacchi, Robert, 34 
Cadmium toxicity, 146-147 
CAKUT (congenital anomalies of the kidney and 
urinary tract), 8, 15 
Calcineurin inhibitor (CNI) toxicity, 161 
post-transplant 
acute, 192-193, 193f 
chronic, 193-194, 193f 
Calcium oxalate nephropathy, 147-149 
clinical manifestations of, 148-149 
etiology of, 147-148 
histopathology of, 148, 148f 
prognosis and treatment for, 148-149 
CAN (chronic allograft nephropathy), 191 
Candida, granulomatous interstitial nephritis due 
to, 135, 135f 
Capillary hemangioma, 281 
Capillary networks, anatomy of, 10, 10f 
Capillary wall alterations, glomeruli with, 52t-53t 
Carbonic anhydrase 9 (CA IX), in renal 
neoplasms, 204t, 209, 210f-211f 
Carcinoid tumor, 307-308, 340 
ancillary diagnostic studies of, 308 
differential diagnosis of, 308 
genetics of, 308 
histopathology of, 307-308, 308f, 339f-340f 
incidence and demographics of, 307-308 
localization and clinical manifestations of, 
307 
radiographic features and gross pathology of, 
307 
treatment and prognosis for, 308 
Carcinoma of the collecting ducts of Bellini. See 
Collecting duct carcinoma (CDC). 
Cavernous hemangioma, 281 
CcPRCC. See Clear cell papillary renal cell 
carcinoma (CcPRCC). 
CCSK (clear cell sarcoma of the kidney), 223 
CD10, in renal neoplasms, 209 


CD117, in renal neoplasms, 204t, 209 
CDC. See Collecting duct carcinoma (CDC). 
Cell block, 203-204, 204t 
Cellular rejection. See T-cell-mediated rejection. 
Cellular variant, of focal segmental 
glomerulosclerosis, 62t, 63, 63f 
Children 
autosomal dominant polycystic kidney disease 
in, 18-21 
clinical manifestations of, 19 
differential diagnosis of, 20, 21t, 26t 
vs. glomerulocystic kidney, 37 
gross features of, 19, 19f-20f 
histopathology of, 20, 20f 
incidence and demographics of, 18 
prognosis and treatment for, 21 
radiographic features of, 19, 19f 
with renal cell carcinoma, 19, 20f 
renal neoplasms in, 215-226 
classification of, 216b 
cytogenetic alterations in, 213t 
mesoblastic nephroma as, 222-223 
metanephric, 216b, 223-224 
adenofibroma as, 224 
adenoma as, 223, 224f 
stromal tumor as, 224 
nephroblastoma as, 215-221 
cystic partially differentiated, 221-222, 
222f 
nephrogenic rests and nephroblastomatosis 
as, 221 
ossifying renal tumor of infancy as, 223 
other primary, 224 
renal cell carcinoma associated with 
neuroblastoma as, 224 
rhabdoid tumor as, 223 
sarcoma as 
anaplastic, 224 
clear cell, 223 
Chinese herb nephropathy (CHN), 136-137, 
137£ 
Cholesterol atheroembolism, 162 
Cholesterol clefts, in atheroembolic renal disease, 
163-164, 163f-164f 
Choriocarcinoma, 310 
Chromium toxicity, 147 
Chromophobe renal cell carcinoma (ChRCC), 
246-250 
ancillary diagnostic studies of, 249-250 
cytogenetic alterations in, 213t 
differential diagnosis of, 249, 250f 
vs. clear cell renal cell carcinoma, 213t 
vs. oncocytoma, 264 
genetics of, 250 
grading of, 249, 249t 
histologic variants of, 248-249 
eosinophilic, 248, 248f 
with sarcomatoid transformation, 248, 249f, 
255f 
histopathology of, 246-248 
with accentuated cell borders, 246-247, 
246f-247£ 
with fibrous bands, 246, 246f 
with irregular nuclear outlines, 246-247, 
247£ 
with “koilocytic” appearance, 246-247, 248f 
with prominent nucleoli, 246-247, 247f 
with sheetlike growth pattern, 246, 246f 
vascular component in, 246, 246f 
immunohistochemistry of, 204t, 234t, 250 
incidence and demographics of, 246-250 
localization and clinical manifestations of, 246 
radiologic features and gross pathology of, 246 
treatment and prognosis for, 235t, 250 
Chromosome 3 translocations, renal cell 
carcinoma with, 294t, 295 


Chronic active antibody-mediated rejection, 
190-191 
clinical manifestations of, 190 
differential diagnosis of, 191 
histopathology of, 190-191, 190f 
pathogenesis of, 191 
ultrastructure of, 190-191, 191f 
Chronic active T-cell-mediated rejection, 186, 
187f, 187t 
Chronic allograft injury, differential diagnosis of, 
194t 
Chronic allograft nephropathy (CAN), 191 
Chronic calcineurin inhibitor toxicity, post- 
transplant, 193-194, 193f 
Chronic humoral antibody-mediated rejection. 
See Chronic active antibody-mediated 
rejection. 
Chronic interstitial inflammation, chronic 
allograft injury due to, 194t 
Chronic lymphocytic leukemia (CLL), 331t 
Chronic myeloproliferative disorders (CMPD). 
See Myeloproliferative neoplasms 
(MPNs). 
Chronic pyelonephritis, 140-141 
clinical manifestations of, 140-141 
focal acute and, 140-141, 141f 
gross pathology of, 140, 140f 
histopathology of, 140-141, 141f 
radiologic features of, 140 
thyroidization in, 140-141, 141f 
treatment and prognosis for, 141 
Chronic rejection, 191 
Chronic thrombotic microangiopathy, capillary 
wall alterations in, 52t 
Chronic tubulointerstitial nephritis, 129-130, 
130f 
Churg-Strauss syndrome, 100t 
Cilia, functions of, 16 
Ciliopathies, 16, 17f-18f 
defined, 16b 
nephronophthisis and medullary cystic kidney 
disease as, 32 
Circulation, renal, 9-10, 10f 
CK-HMW (high-molecular weight cytokeratin), 
in renal neoplasms, 204t, 209 
C-kit, in renal neoplasms, 204t, 209 
CK-LMW (low-molecular weight cytokeratin), in 
renal neoplasms, 204t, 208, 208f 
Clear cell papillary renal cell carcinoma 
(CcPRCC) 
in acquired cystic kidney disease, 42, 42f 
ancillary diagnostic studies for, 245 
differential diagnosis of, 245 
of end-stage kidneys, 303, 304f 
genetics of, 245 
histologic variants and grading of, 245 
histopathology of, 244-245, 244f-245f 
incidence and demographics of, 244-245 
localization and clinical manifestations of, 244 
radiologic features and gross pathology of, 
244 
treatment and prognosis for, 245 
Clear cell renal cell carcinoma (CRCC), 227-235 
ancillary diagnostic studies for, 233-235, 234t 
cytogenetic alterations in, 213t, 235 
differential diagnosis of, 232-233 
vs. chromophobe renal cell carcinoma, 249 
vs. multilocular cystic renal cell carcinoma, 
238, 238f 
familial, 294t, 295 
genetics of, 235 
gross pathology of, 228 
histologic variants of, 230-232 
histopathology of, 228-230 
with acinar pattern, 228-229, 229f-230f 
with alveolar growth pattern, 228-229, 228f 
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Clear cell renal cell carcinoma (CRCC) (Cont.) 
histopathology of (cont.) 
with eosinophilic cytoplasm, 230f, 231, 
232f-233f 
with eosinophilic granular cytoplasm, 
231-232, 232f-233f 
hemorrhage in, 229-230, 231f 
with nested growth pattern, 228-229, 
228f-230f 
nucleoli in, 229-230, 230f-231f 
processing effects on, 229-230, 230f 
with pseudopapillary and tubular growth 
patterns, 228-229, 230f 
with rhabdoid differentiation, 232, 234f 
with sarcomatoid features, 229-230, 231f, 
256f 
with solid growth pattern, 228-229, 229f 
typical, 228-229, 228f 
vascular network in, 228-229, 229f-230f 
incidence and demographics of, 227-235 
localization and clinical manifestations of, 227 
radiologic features of, 227-228 
staging of, 235b 
treatment and prognosis for, 235, 235t 

Clear cell sarcoma of the kidney (CCSK), 223 

CLL (chronic lymphocytic leukemia), 331t 

CLTC-TFE3 gene fusion, 292t, 294 

CMPD (chronic myeloproliferative disorders). See 

Myeloproliferative neoplasms (MPNs). 

CMV. See Cytomegalovirus (CMV). 

CNI (calcineurin inhibitor) toxicity, 161 
post-transplant 

acute, 192-193, 193f 
chronic, 193-194, 193f 
CNS (congenital nephrotic syndrome), Finnish 
type, 124 
COL4 gene, in focal segmental glomerulosclerosis, 
124 

COL4A1 gene, in Alport syndrome, 115 

COL4A2 gene, in Alport syndrome, 115 

COL4A3 gene 
in Alport syndrome, 115 
in thin glomerular basement membrane 

nephropathy, 113 

COL4A4 gene 
in Alport syndrome, 115 
in thin glomerular basement membrane 

nephropathy, 113 

COL4A5 gene, in Alport syndrome, 115 

COL4A6 gene, in Alport syndrome, 115 

Cold ischemia time, 184 

Collapsing focal segmental glomerulosclerosis. 

See Human immunodeficiency 
virus-associated nephropathy (HIVAN). 

Collapsing glomerulopathy, 62, 62t, 63f, 124 

Collapsing lesion, of focal segmental 

glomerulosclerosis, 62, 62t, 63f 

Collecting duct(s) 
anatomy of, 11f, 13-14, 13f 
cystic dilation of. See Medullary sponge kidney 

(MSK). 

Collecting duct carcinoma (CDC), 250-255 
ancillary diagnostic studies of, 254-255, 255f 
differential diagnosis of, 254 
genetics of, 255 
grading of, 251-254 
histologic variants of, 251-254, 253f-254f 
histopathology of, 251 

desmoplastic fibrous stroma in, 251, 251f 

with high nuclear grade, 251, 253f 

neutrophilic inflammatory infiltrate in, 251, 
252f 

sarcomatoid differentiation in, 251, 252f 

tubular and glandular structures in, 251, 
251f 

incidence and demographics of, 250-255 


Collecting duct carcinoma (CDC) (Cont.) 
localization and clinical manifestations of, 250 
low-grade. See Tubulocystic carcinoma (TCC). 
radiologic features and gross pathology of, 

250-251 
treatment and prognosis for, 255 
Collecting tubule, development of, 3, 4f 
Colon carcinoma, metastatic to kidney, 335, 336f 
Complement, in hypocomplementemic interstitial 
nephritis, 131 

Congenital anomalies, of kidneys, 7-8 

Congenital anomalies of the kidney and urinary 
tract (CAKUT), 8, 15 

Congenital nephrotic syndrome (CNS), Finnish 
type, 124 

Connecting tubule, anatomy of, 11f, 13-14 

Connective tissue diseases, tubulointerstitial 

injury due to, 131-132, 132f 

Copper toxicity, 147 

COQ2 gene, in collapsing glomerulopathy, 124 

Core biopsy, 204b, 205 

Cortical infarct, in atheroembolic renal disease, 

163-164, 163f-164f 
Cortical necrosis, due to delayed graft function, 
184, 185f 
Cortical nephron, 11f 
CPDN (cystic partially differentiated 
nephroblastoma), 221-222, 222f 
differential diagnosis of, 26t 
CRCC. See Clear cell renal cell carcinoma 
(CRCC). 

Crescentic disease, 57 

Crescentic glomerulonephritis. See Necrotizing 
and crescentic glomerulonephritis 
(NCGN). 

c-Ret, in renal development, 6-7, 6t 

Cryoglobulinemia, 93-103 
blood samples for, 93 
clinical manifestations of, 94 
differential diagnosis of, 95 

vs. immunotactoid glomerulonephritis, 107t 
histopathology of, 94, 95f 
immunofluorescence of, 94, 95f 
incidence and demographics of, 93-95 
mixed, 93, 94t 
prognosis and treatment for, 95 
types of, 93, 94t 
ultrastructure of, 94, 96f 

Cryoglobulinemic glomerulonephritis, 93-103 
clinical manifestations of, 93-94 
differential diagnosis of, 95 

vs. lupus nephritis, 88t 
histopathology of, 94, 95f 
immunofluorescence of, 94, 95f 
incidence and demographics of, 93-95 
prognosis and treatment for, 95 
ultrastructure of, 94, 96f 

Cryptococcus, granulomatous interstitial nephritis 

due to, 135 

Cutaneous leukocytoclastic angiitis, 100t 

Cutting board artifact, 318-319 

Cyst(s) 
defined, 16b 
in hereditary syndromes, 38-40 

tuberous sclerosis complex as, 38 
clinical manifestations of, 38 
differential diagnosis of, 21t, 38 
histopathology of, 38, 38f 
incidence and demographics of, 38 
prognosis and treatment for, 38 
radiographic and gross features of, 38, 38f 

von Hippel-Lindau syndrome as, 38-40 
clinical manifestations of, 39 
differential diagnosis of, 21t, 40 
histopathology of, 39, 39f 
incidence and demographics of, 39 


Cyst(s) (Cont.) 
in hereditary syndromes (cont.) 
von Hippel-Lindau syndrome as (cont.) 
pathogenesis of, 38-39 
prognosis and treatment for, 40 
radiographic and gross features of, 39, 39f 
solitary and multiple, 26-27 
clinical manifestations of, 26 
differential diagnosis of, 26-27 
histopathology of, 26 
incidence and demographics of, 26 
pathogenesis of, 26-27 
prognosis and treatment for, 27 
radiographic and gross features of, 26, 27f 
Cystic dilation of renal collecting ducts. See 
Medullary sponge kidney (MSK). 
Cystic kidney, defined, 16b 
Cystic kidney disease. See Cystic renal disease(s). 
Cystic nephroma, 300-303 
ancillary diagnostic studies of, 303 
differential diagnosis of, 26t, 302-303 
gross pathology of, 300 
histopathology of, 300, 302f 
incidence and demographics of, 300-303 
localization and clinical manifestations of, 300 
treatment and prognosis for, 303 
Cystic partially differentiated nephroblastoma 
(CPDN), 221-222, 222f 
differential diagnosis of, 26t 
Cystic renal disease(s), 15-46 
abbreviations for, 16t 
acquired, 40-42 
clinical manifestations of, 40 
differential diagnosis of, 21t, 41 
histopathology of, 41 
incidence and demographics of, 40 
pathogenesis of, 40-41 
prognosis and treatment for, 41 
radiographic and gross features of, 40-41, 
40f 
renal cell carcinoma in, 41-42 
clinical manifestations of, 41 
differential diagnosis of, 42, 42f 
histopathology of, 42, 42f 
incidence and demographics of, 41 
prognosis and treatment for, 42 
radiographic and gross features of, 41-42, 
4lf 
autosomal dominant polycystic kidney disease 
as, 17-22 
in adults and older children, 18-21 
clinical manifestations of, 19 
differential diagnosis of, 20, 21t, 26t, 37 
gross features of, 19, 19f-20f 
histopathology of, 20, 20f 
incidence and demographics of, 18 
prognosis and treatment for, 21 
radiographic features of, 19, 19f 
with renal cell carcinoma, 19, 20f 
genetics of, 17, 18t 
in infants, 21-22 
clinical manifestations of, 22 
differential diagnosis of, 22 
histopathology of, 22 
incidence and demographics of, 22 
prognosis and treatment for, 22 
radiographic and gross features of, 22 
in TSC2/PKD1 contiguous gene syndrome, 
22 
autosomal recessive polycystic kidney disease 
as, 22-24 
clinical manifestations of, 23 
differential diagnosis of, 21t, 24 
vs. glomerulocystic kidney, 37 
histopathology of, 24, 25f 
incidence and demographics of, 23 
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Cystic renal disease(s) (Cont.) 
autosomal recessive polycystic kidney disease 
as (cont.) 
molecular diagnosis for, 24 
pathogenesis and genetics of, 18t, 22-24 
prognosis and treatment for, 24 
radiographic and gross features of, 23-24, 
23f-24f 
classification of, 16, 17b 
dysplasia and, 15-16 
glomerulocystic, 35-38 
classification of, 17b, 36, 36t 
clinical manifestations of, 36 
defined, 16b 
diagnostic classification of, 36, 36t 
differential diagnosis of, 37-38 
histopathology of, 37, 37f 
incidence and demographics of, 36 
pathogenesis of, 36-38 
prognosis and treatment for, 38 
radiographic and gross features of, 36 
in hereditary syndromes, 38-40 
tuberous sclerosis complex as, 38 
clinical manifestations of, 38 
differential diagnosis of, 21t, 38 
histopathology of, 38, 38f 
incidence and demographics of, 38 
prognosis and treatment for, 38 
radiographic and gross features of, 38, 38f 
von Hippel-Lindau syndrome as, 38-40 
clinical manifestations of, 39 
differential diagnosis of, 21t, 40 
histopathology of, 39, 39f 
incidence and demographics of, 39 
pathogenesis of, 38-39 
prognosis and treatment for, 40 
radiographic and gross features of, 39, 39f 
mechanism underlying, 16, 17f-18f 
medullary sponge kidney as, 34-35 
clinical manifestations of, 34-35 
differential diagnosis of, 21t, 35 
histopathology of, 35, 35f 
incidence and demographics of, 34 
pathogenesis of, 34-35 
prognosis and treatment for, 35 
radiographic and gross features of, 35, 35f 
multicystic renal dysplasia as, 27-28 
clinical manifestations of, 27 
differential diagnosis of, 21t, 26t, 27 
histopathology of, 27, 28f-29f 
incidence and demographics of, 27 
pathogenesis of, 27-28 
prognosis and treatment for, 27-28 
radiographic and gross features of, 27, 28f 
in multiple malformations syndromes, 28-32 
Joubert syndrome as, 30-32 
clinical manifestations of, 31-32 
incidence and demographics of, 31 
pathogenesis and genetics of, 31, 31t 
prognosis and treatment for, 32 
Meckel-Gruber syndrome as, 29-30 
clinical manifestations of, 29 
differential diagnosis of, 30, 30b 
histopathology of, 30, 30f 
incidence and demographics of, 29 
pathogenesis and genetics of, 29 
prognosis and treatment for, 30 
radiographic and gross features of, 29, 29f 
nephronophthisis and medullary, 32-34 
clinical manifestations of, 33 
differential diagnosis of, 21t, 34 
histopathology of, 33-34, 34f 
incidence and demographics of, 32-33 
pathogenesis and genetics of, 31t, 32-34 
prognosis and treatment for, 34 
radiographic and gross features of, 33, 33f 


Cystic renal disease(s) (Cont.) 
solitary and multiple renal cysts as, 26-27 
clinical manifestations of, 26 
differential diagnosis of, 26-27 
histopathology of, 26 
incidence and demographics of, 26 
pathogenesis of, 26-27 
prognosis and treatment for, 27 
radiographic and gross features of, 26, 27f 
spectrum of, 16 
terminology of, 16b 
unilateral/localized, 24-26 
clinical manifestations of, 25 
differential diagnosis of, 21t, 26, 26t 
histopathology of, 26 
incidence and demographics of, 25 
pathogenesis of, 25-26 
prognosis and treatment of, 26 
radiographic and gross features of, 25-26, 
26f 
Cytogenetic alterations, in renal neoplasms, 213t 
Cytokeratin 7, in renal neoplasms, 204t, 209 
Cytomegalovirus (CMV), in renal allograft 
recipient, 196 
clinical manifestations of, 196 
differential diagnosis of, 194t, 196 
etiology of, 196 
histopathology of, 196, 196f 


D 


DBD (donation after brain death), 184 
DCD (donation after cardiac death), 184 
dcSSc (diffuse cutaneous systemic sclerosis), 175, 
175t 
Delayed graft function (DGF), 183-185 
clinical manifestations of, 184 
defined, 183 
differential diagnosis of, 184-185, 185f 
etiology of, 183 
histopathology of, 184, 184f 
incidence and demographics of, 183-185 
prognosis and treatment for, 185 
Dense deposit disease, 71 
in acquired partial lipodystrophy, 123, 123f 
clinical manifestations of, 71-72 
electron microscopy of, 73, 74f 
histopathology of, 73, 73f 
immunofluorescence staining of, 73, 74f 
incidence and demographics of, 71 
prognosis and treatment for, 74 
in renal allograft recipient, 199 
Denys-Drash syndrome, nephroblastoma in, 215, 
216t, 217 
Development, of kidney, 1-9 
changes in position in, 3 
excretory organs formed in, 2-3 
mesonephric kidney as, 2-3, 3f 
metanephric kidney as, 3, 3f-5f 
pronephric kidney as, 2, 3f 
mechanisms of, 3-7, 6t 
branching of ureteric bud as, 7 
differentiation of metanephric mesenchyme 
as, 6 
early markers of, 5-6 
formation of nephric duct as, 4 
stimulation of ureteric bud outgrowth from 
nephric duct as, 6-7 
origin of primordial cells in, 1-2, 2f 
Developmentally regulated genes, renal diseases 
associated with, 8-9 
DGF. See Delayed graft function (DGF). 
Diabetic glomerulosclerosis. See Diabetic 
nephropathy. 
Diabetic nephropathy, 81-88 
biopsy of, 49-50, 50f 
classification of, 82, 82t 


Diabetic nephropathy (Cont.) 
clinical manifestations of, 81-82 
differential diagnosis of, 84, 84t 
vs. amyloidosis, 90-91 
histopathology of, 82-83 
eosinophilic hyaline capsular drop in, 82-83, 
83f 
Kimmelstiel- Wilson nodules in, 82, 82f 
mesangial alterations in, 53t 
mesangial sclerosis in, 82, 82f, 84f 
microaneurysms and mesangiolysis in, 
82-83, 82f 
tubular atrophy in, 83, 83f 
vascular alterations in, 83, 83f 
historical background of, 81 
immunofluorescent staining for, 83 
incidence and demographics of, 81 
prognosis and treatment for, 84 
in renal allograft recipient, 200 
synonyms for, 81 
ultrastructural changes in, 83, 84f 
Dialysis-related amyloidosis, 88 
Diff-Quick stained smears, 203-204 
Diffuse anaplasia, in nephroblastoma, 218, 220b 
Diffuse cutaneous systemic sclerosis (dcSSc), 175, 
175t 
Diffuse hyperplastic perilobar 
nephroblastomatosis, 221 
Diffuse large B-cell lymphoma (DLBCL), 330, 
331f, 331t 
Diffuse mesangial sclerosis (DMS), 124 
Dilated tubule, 16b 
Distal convoluted tubule 
anatomy of, 11f-13f, 12-14 
development of, 3, 4f-5f 
function of, 12-13 
Distal nephron, anatomy of, 11f-13f, 12-14 
Distal tubules, in renal biopsy interpretation, 
50-51 
Diuretics, acute interstitial nephritis due to, 129t 
DLBCL (diffuse large B-cell lymphoma), 330, 
331f, 331t 
DMS (diffuse mesangial sclerosis), 124 
Donation after brain death (DBD), 184 
Donation after cardiac death (DCD), 184 
Drug-induced allograft injury, 192-194 
calcineurin inhibitor toxicity as 
acute, 192-193, 193f 
chronic, 193-194, 193f 
Drug-induced interstitial nephritis 
acute, 129, 129f, 129t 
granulomatous, 134-135, 134t, 135f 
Drug-related chronic tubulointerstitial injury, 
136-137 
Chinese herb nephropathy/Balkan endemic 
nephropathy as, 136-137 
lithium nephrotoxicity as, 136, 136f 
protease inhibitor-related nephropathy as, 137 
Dual fusion FISH, of renal neoplasms, 212, 213f 
DYSF gene, in minimal change disease, 124 


E 


EBV. See Epstein-Barr virus (EBV). 
E-cadherin, in autosomal dominant polycystic 
kidney disease, 17 
Ectopic kidney, 8 
Edwards syndrome, nephroblastoma in, 216t, 217 
Efferent arterioles, anatomy of, 10, 10f, 12f 
Electron microscopy (EM) 
of biopsy specimen 
example of interpretation of, 55, 55f 
tissue preparation for, 48-49, 48f 
of renal neoplasms, 212-213 
Emx2, in renal development, 7 
“Endocrine-like” involution, in renal artery 
stenosis, 166, 166f 
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End-stage renal disease (ESRD) 
due to autosomal dominant polycystic kidney 
disease, 21 
epithelial neoplasms in, 303-304 
ancillary diagnostic studies of, 303 
differential diagnosis of, 303 
genetics of, 304 
histopathology of, 303, 303t, 304f 
incidence and demographics of, 303-304 
localization and clinical manifestations of, 
303 
radiographic features and gross pathology of, 
303 
treatment and prognosis for, 304 
Enzyme replacement therapy (ERT), for Fabry 
disease, 118-119 
Eosinophilic hyaline capsular drop, in diabetic 
nephropathy, 82-83, 83f 
Epithelial neoplasms 
in end-stage renal disease, 303-304 
ancillary diagnostic studies of, 303 
differential diagnosis of, 303 
genetics of, 304 
histopathology of, 303, 303t, 304f 
incidence and demographics of, 303-304 
localization and clinical manifestations of, 
303 
radiographic features and gross pathology of, 
303 
treatment and prognosis for, 304 
of renal cortex, 227-268 
in children, 216b 
collecting duct carcinoma as, 250-255 
oncocytoma as, 262-265 
papillary adenoma as, 260-262 
renal cell carcinoma as 
chromophobe, 246-250 
clear cell, 227-235 
clear cell papillary, 244-245 
multilocular, 236-238 
papillary, 238-244 
sarcomatoid dedifferentiation in, 255-257 
tubulocystic, 257-259 
unclassified, 255 
staging of, 235b 
thyroid-like follicular carcinoma as, 259-260 
Epithelioid angiomyolipoma, 273-276 
histopathology of, 273, 273f 
with abundant eosinophilic cytoplasm, 
274-276, 274£-275f 
with eccentrically placed pleomorphic nuclei, 
274-276, 274£-275f 
with multinucleated giant cells, 274-276, 
275£ 
immunohistochemistry of, 274-276 
cytokeratin in, 274-276, 277f 
HMB-45 in, 274-276, 275f-276f 
smooth muscle actin in, 274-276, 276f 
metastatic, 273, 273f-274f 
monotypic malignant, 276 
Epstein-Barr virus (EBV), in renal allograft 
recipient, 194-196 
clinical manifestations of, 195 
differential diagnosis of, 194t, 195-196 
histopathology of, 195, 195f 
and post-transplant lymphoproliferative 
disorder, 195 
ERT (enzyme replacement therapy), for Fabry 
disease, 118-119 
ESRD. See End-stage renal disease (ESRD). 
Everolimus, for autosomal dominant polycystic 
kidney disease, 21 
Ewing sarcoma, 287-288 
ancillary diagnostic studies of, 287-288 
histopathology of, 287 
incidence and demographics of, 287-288 


Ewing sarcoma (Cont.) 
radiologic features and gross pathology of, 287 
treatment and prognosis for, 288 

Eyal, in renal development, 6, 6t 


F 


Fabry, Johannes, 117 
Fabry disease, 117-119 
clinical manifestations of, 117-118 
differential diagnosis of, 118 
electron microscopy of, 118, 118f-119f 
etiology and pathogenesis of, 117 
histopathology of, 118, 118f 
incidence and demographics of, 117-119 
prognosis and treatment for, 118-119 
Fahr, Theodor, 60 
Familial cancer syndromes, renal cell carcinoma 
associated with, 294-298, 294t 
Birt-Hogg-Dube syndrome as, 294t, 296-298, 
298f 
with chromosome 3 translocations, 294t 
clear cell, 294t, 295 
familial papillary thyroid cancer as, 294t 
hereditary leiomyomatosis as, 294t, 296, 297f 
vs. papillary renal cell carcinoma, 242 
hereditary paraganglioma as, 294t 
hyperparathyroidism-jaw tumor as, 294t 
papillary, 294t, 295-296 
tuberous sclerosis as, 294t, 296 
von Hippel-Lindau disease as, 294-295, 294t, 
295f 
Familial hematuria, benign. See Thin glomerular 
basement membrane nephropathy 
(TGBMN). 
Familial juvenile hyperuricemic nephropathy 
(EJHN), 32 
Familial papillary thyroid cancer, renal cell 
carcinoma in, 294t 
Fanconi syndrome, light-chain, 150 
clinical manifestations of, 150 
electron microscopy of, 150, 153f 
histopathology of, 150, 152f 
immunofluorescence and 
immunohistochemical staining of, 150, 
153f 
Fenestrated endothelium, 11, 12f 
FFPE (formalin-fixed paraffin-embedded) tissue 
sections, of biopsy specimen, 48-49 
FH (fumarate hydrase) gene, in hereditary 
leiomyomatosis renal cell carcinoma, 
296 
Fibrillary glomerulonephritis, 103-104 
clinical manifestations of, 103 
differential diagnosis of, 74t, 104 
vs. immunotactoid glomerulonephritis, 107t 
electron microscopy of, 103-104, 105f 
histopathology of, 103-104, 103f 
immunofluorescence studies of, 103-104, 104f 
incidence and demographics of, 103-104 
mesangial and capillary alterations in, 53t 
prognosis and treatment for, 104 
Fibrocystin, in autosomal recessive polycystic 
kidney disease, 22-23 
Fibrofolliculomas, 296-297 
Fibromas. See Renomedullary interstitial cell 
tumor. 
Fibromuscular dysplasia (FMD), 167-171 
adventitial, 168-169, 168t 
clinical manifestations of, 167-168 
differential diagnosis of, 169 
gross pathology of, 167-168, 168f 
histopathology of, 168-169, 169f 
incidence and demographics of, 167 
intimal 
histopathology of, 168t, 169, 169f 
radiologic features of, 168, 168t 


Fibromuscular dysplasia (FMD) (Cont.) 
medial, 168, 168t 
histopathology of, 168, 168t, 169f 
prognosis and treatment for, 170 
radiologic features of, 168, 168t 
pathogenesis of, 167 
perimedial 
histopathology of, 168-169, 168t, 169f 
radiologic features of, 168, 168t 
prognosis and treatment for, 170 
radiologic features of, 168, 168f, 168t 
subtypes of, 168, 168t 
Fibrous cap, 162 
Fibrous histiocytoma, malignant, 288 
Fibrous tumor, solitary. See Solitary fibrous tumor 
(SFT). 
Filtration barrier, 11 
normal structure of, 57-58 
Filtration membrane, 11, 12f 
Filtration slits, 12f 
Fine-needle aspiration biopsy (FNAB), 203, 204b 
importance of cell block in, 203-204, 204t 
FISH. See Fluorescence in situ hybridization 
(FISH). 
Fistulas, arteriovenous, 170-171 
clinical manifestations of, 170 
differential diagnosis of, 170 
gross pathology of, 170 
histopathology of, 170 
incidence and demographics of, 170 
due to percutaneous renal biopsy, 48 
prognosis and treatment for, 170-171 
radiologic features of, 170 
Fixation, of biopsy specimens, 48-49 
FJHN (familial juvenile hyperuricemic 
nephropathy), 32 
Flow cytometric analysis, of renal neoplasms, 
210 
Fluorescence in situ hybridization (FISH), of 
renal neoplasms, 210-212, 211f, 213t 
break-apart, 212, 212f 
dual fusion, 212, 213f 
numeration, 212, 212f 
FMD. See Fibromuscular dysplasia (FMD). 
FNAB (fine-needle aspiration biopsy), 203, 204b 
importance of cell block in, 203-204, 204t 
Focal anaplasia, in nephroblastoma, 218, 220b 
Focal and segmental glomerulosclerosis. See 
Focal segmental glomerulosclerosis 
(FSGS). 
Focal sclerosis. See Focal segmental 
glomerulosclerosis (FSGS). 
Focal segmental glomerulosclerosis (FSGS), 
60-64 
chronic allograft injury due to, 194t 
clinical manifestations of, 60 
collapsing. See Human immunodeficiency 
virus-associated nephropathy 
(HIVAN). 
differential diagnosis of, 63-64, 64t 
vs. lupus nephritis, 88t 
electron microscopy of, 61, 62f 
genetic forms of, 124 
histologic variants of, 61-63, 62t 
cellular, 62t, 63, 63f 
collapsing lesion as, 62, 62t, 63f 
perihilar, 62t, 63, 63f 
tip lesion as, 61-62, 62f, 62t 
histopathology of, 60-63, 60f-61f 
immunofluorescent staining of, 61, 62f 
incidence and demographics of, 60 
prognosis and treatment for, 64 
in renal allograft recipient, 199 
secondary causes of, 61, 61b, 64t 
segmental lesions in, 54t 
synonyms for, 60 
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Follicular carcinoma, thyroid-like 
ancillary diagnostic studies for, 260 
differential diagnosis of, 260 
genetics of, 260 
histologic variants and grading of, 260 
histopathology of, 259-260, 259f-260f 
incidence and demographics of, 259-260 
localization and clinical manifestations of, 259 
radiologic features and gross pathology of, 259 
treatment and prognosis for, 260, 260f 
Follicular lymphoma, 330, 331t 
Fong disease. See Nail-patella syndrome. 
Foot processes 
anatomy of, 11, 12f 
normal histologic appearance of, 57-58, 58f 
ultrastructure of, 58f 
Formalin fixation, of biopsy specimen, 48-49 
Formalin-fixed paraffin-embedded (FFPE) tissue 
sections, of biopsy specimen, 48-49 
FRAPI gene, in autosomal dominant polycystic 
kidney disease, 21 
FSGS. See Focal segmental glomerulosclerosis 
(FSGS). 
Full house staining pattern, in membranous 
nephropathy, 65-66 
Fumarate hydrase (FH) gene, in hereditary 
leiomyomatosis renal cell carcinoma, 
296 
Fungal infections, granulomatous interstitial 
nephritis due to, 134t, 135, 135f 
FWTI1 gene, in nephroblastoma, 216 
FWT2 gene, in nephroblastoma, 216 


G 


Gardner, Kenneth, 33 
GBM (glomerular basement membrane) 
anatomy of, 11, 12f 
normal histologic appearance of, 57-58, 58f 
GCA. See Giant cell arteritis (GCA). 
GCK. See Glomerulocystic kidney (GCK). 
GCKD. See Glomerulocystic kidney disease 
(GCKD). 
Gdnf, in renal development, 6-7, 6t 
GDNF (glial-derived neurotrophic factor), in 
renal development, 6-7 
Germ cell tumors, 309-310 
ancillary diagnostic studies of, 310 
differential diagnosis of, 310 
histopathology of, 310, 310f 
incidence and demographics of, 309-310 
localization and clinical manifestations of, 310 
mixed, 310 
radiographic features and gross pathology of, 
310 
subtypes of, 310 
treatment and prognosis for, 310 
Gerota, Dimitrie, 206-207 
Gerota’s fascia 
anatomy of, 9 
in radical nephrectomy specimen, 206-207, 
206f 
GFRA (glial-derived neurotrophic factor receptor 
a), in renal development, 6 
Gfral, in renal development, 6t 
Giant cell arteritis (GCA), 173-174 
clinical manifestations of, 173 
differential diagnosis of, 100t, 171t, 173-174 
histopathology of, 173, 174f 
incidence and demographics of, 173 
prognosis and treatment for, 174 
radiologic features of, 173 
GIN. See Granulomatous interstitial nephritis 
(GIN). 
GLA gene 
in Fabry disease, 117 
in focal segmental glomerulosclerosis, 124 


Glial-derived neurotrophic factor (GDNF), in 
renal development, 6-7 
Glial-derived neurotrophic factor receptor © 
(GFRA), in renal development, 6 
Global glomerulosclerosis, chronic allograft 
injury due to, 194t 
Glomerular basement membrane (GBM) 
anatomy of, 11, 12f 
normal histologic appearance of, 57-58, 58f 
Glomerular capillaries 
anatomy of, 10-11, 12f 
normal histologic appearance of, 58f 
Glomerular capillary double contours, chronic 
allograft injury due to, 194t 
Glomerular capillary wall, ultrastructure of, 58f 
Glomerular capsule 
anatomy of, 10-11, 12f 
development of, 3, 4f-5f 
Glomerular disease 
algorithm for biopsy interpretation for, 51-55, 
54f 
capillary wall alterations in, 52t 
mesangial alterations in, 53t 
mesangial and capillary wall alterations in, 
53t 
normal glomeruli in, 52t 
segmental lesions in, 54t 
hereditary, 113-125 
acquired partial lipodystrophy as, 123-124 
Alport syndrome as, 115-117 
Fabry disease as, 117-119 
hereditary nephrotic syndrome 
(podocytopathies) as, 124 
collapsing glomerulopathy as, 124 
diffuse mesangial sclerosis as, 124 
focal segmental glomerulosclerosis as, 
124 
minimal change nephropathy as, 124 
lecithin cholesterol acyltransferase deficiency 
as, 119 
lipoprotein glomerulopathy as, 119-121 
nail-patella syndrome as, 121-123 
thin glomerular basement membrane 
nephropathy as, 113-115 
primary, 57-80 
acute postinfectious glomerulonephritis as, 
74-78 
focal segmental glomerulosclerosis as, 60-64 
IgA nephropathy as, 67-71 
membranoproliferative glomerulonephritis 
as, 71-74 
membranous nephropathy as, 64-67 
minimal change disease as, 58-60 
normal glomerular structure and, 57-58, 58f 
secondary, 81-112 
associated with systemic disease, 81-103 
amyloidosis as, 88-92 
anti-GBM antibody—mediated disease as, 
98-100 
cryoglobulinemia as, 93-103 
diabetic nephropathy as, 81-84 
HIV-associated nephropathy as, 95-96 
lupus nephritis as, 84-88 
monoclonal immunoglobulin deposition 
disease as, 92-93 
paraprotein-associated renal diseases as, 
88 
pauci-immune necrotizing and crescentic 
glomerulonephritis as, 100-103 
fibrillary glomerulonephritis as, 103-104 
immunotactoid glomerulopathy as, 104-107 
thrombotic microangiopathy as, 107-109 
in hemolytic-uremic syndrome, 108-109 
in thrombotic thrombocytopenic purpura, 
107-109 
Glomerular filtration, 10-11 


Glomerulocystic kidney (GCK), 35-38 
classification of, 17b, 36, 36t 
clinical manifestations of, 36 
defined, 16b 
differential diagnosis of, 37-38 
familial hypoplastic, 37 
histopathology of, 37, 37f 
incidence and demographics of, 36 
obstructive, 36t 
pathogenesis of, 36-38 
prognosis and treatment for, 38 
radiographic and gross features of, 36 
sporadic, 36t, 38 
syndromic, 36t, 37 
Glomerulocystic kidney disease (GCKD), 35-38 
autosomal dominant, 37 
classification of, 17b, 36, 36t 
clinical manifestations of, 36 
defined, 16b 
differential diagnosis of, 37-38 
familial hypoplastic, 37 
histopathology of, 37, 37f 
incidence and demographics of, 36 
pathogenesis of, 36-38 
prognosis and treatment for, 38 
radiographic and gross features of, 36 
Glomerulonephritis (GN) 
acute postinfectious, 74-78 
in adults, 76-77 
clinical presentation of, 75 
differential diagnosis of, 71t, 74t, 77 
electron microscopy of, 76, 77f 
etiology and pathogenesis of, 75 
histopathology of, 75-77, 76f 
immunofluorescence staining for, 76, 76f 
incidence and demographics of, 74-75 
mesangial alterations in, 53t 
mesangial and capillary alterations in, 53t 
prognosis and treatment for, 77-78 
anti-GBM antibody—mediated, 98-100 
clinical presentation of, 98 
differential diagnosis of, 99-100, 100t 
etiology and pathogenesis of, 98 
histopathology of, 98-99, 98f-99f 
immunofluorescence staining of, 99, 99f 
prognosis and treatment for, 100 
in renal allograft recipient, 200-201 
ultrastructural examination of, 99 
cryoglobulinemic, 93-103 
clinical manifestations of, 93-94 
differential diagnosis of, 95 
vs. lupus nephritis, 88t 
histopathology of, 94, 95f 
immunofluorescence staining of, 94, 95f 
incidence and demographics of, 93-95 
prognosis and treatment for, 95 
ultrastructure of, 94, 96f 
fibrillary, 103-104 
clinical manifestations of, 103 
differential diagnosis of, 74t, 104 
vs. immunotactoid glomerulonephritis, 
107t 
electron microscopy of, 103-104, 105f 
histopathology of, 103-104, 103f 
immunofluorescence studies of, 103-104, 
104f 
incidence and demographics of, 103-104 
mesangial and capillary alterations in, 53t 
prognosis and treatment for, 104 
membranoproliferative, 71-74 
due to acquired partial lipodystrophy, 123 
capillary wall alterations in, 52t 
causes of, 72, 72b 
clinical manifestations of, 71-72 
differential diagnosis of, 74, 74t 
vs. lupus nephritis, 88t 
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Glomerulonephritis (GN) (Cont.) 
membranoproliferative (cont.) 
histopathology of, 72-73 
historical background of, 71 
incidence and demographics of, 71 
mesangial and capillary alterations in, 53t 
prognosis and treatment for, 74 
in renal allograft recipient, 199 
synonyms for, 71 
type I (mesangiocapillary), 71 
clinical manifestations of, 71 
electron microscopy of, 72-73, 73f 
histopathology of, 72-73, 72f 
immunofluorescence staining of, 72-73, 
73f 
incidence and demographics of, 71 
prognosis and treatment for, 74 
type II (dense deposit disease), 71 
clinical manifestations of, 71-72 
electron microscopy of, 73, 74f 
histopathology of, 73, 73f 
immunofluorescence staining of, 73, 74f 
incidence and demographics of, 71 
prognosis and treatment for, 74 
type HI, 71, 73 
membranous. See Membranous nephropathy. 
with monoclonal IgG deposits, vs. 
immunotactoid glomerulonephritis, 
107t 
necrotizing and crescentic 
capillary wall alterations in, 52t 
immune complex-mediated, differential 
diagnosis of, 100t 
pauci-immune (ANCA-associated), 100-103 
chronic lesions in, 102, 102f 
clinical presentation of, 101 
differential diagnosis of, 100t, 103 
electron microscopy of, 102 
etiology and pathogenesis of, 101 
glomerular tuft necrosis and crescent 
formation in, 101-102, 101f-102f 
histopathology of, 101-102 
immunofluorescent examination of, 102 
necrotizing arteritis in, 102, 103f 
prognosis and treatment for, 102-103 
tubulointerstitial compartment in, 102 
segmental lesions in, 54t 
rapidly progressive, 98-100 
Glomerulopathy 
collapsing, 62, 62t, 63f, 124 
immunotactoid, 104-107 
clinical manifestations of, 104-107 
differential diagnosis of, 104-107, 107t 
vs. anti-GBM antibody-mediated 
glomerulonephritis, 74t 
electron microscopy of, 104-106, 106f 
histopathology of, 104-106, 105f 
immunofluorescence staining of, 104-106, 
106f 
mesangial and capillary alterations in, 53t 
prognosis and treatment for, 107 
lipoprotein, 119-121 
clinical manifestations of, 120 
differential diagnosis of, 121 
histopathology of, 120-121, 120f-121f 
immunohistochemistry of, 120-121, 121f 
incidence and demographics of, 119-121 
prognosis and treatment for, 121 
ultrastructure of, 120-121, 121f 
membranous. See Membranous nephropathy. 
myeloproliferative neoplasm (MPN)-related, 
154, 155f 
transplant, 190-191 
clinical manifestations of, 190 
differential diagnosis of, 191 
histopathology of, 190-191, 190f 


Glomerulopathy (Cont.) 
transplant (cont.) 
pathogenesis of, 191 
ultrastructure of, 190-191, 191f 
Glomerulosclerosis (GS) 
diabetic. See Diabetic nephropathy. 
focal segmental, 60-64 
chronic allograft injury due to, 194t 
clinical manifestations of, 60 
collapsing. See Human immunodeficiency 
virus-associated nephropathy (HIVAN). 
differential diagnosis of, 63-64, 64t 
vs. lupus nephritis, 88t 
electron microscopy of, 61, 62f 
genetic forms of, 124 
histologic variants of, 61-63, 62t 
cellular, 62t, 63, 63f 
collapsing lesion as, 62, 62t, 63f 
perihilar, 62t, 63, 63f 
tip lesion as, 61-62, 62f, 62t 
histopathology of, 60-63, 60f-61f 
immunofluorescent staining of, 61, 62f 
incidence and demographics of, 60 
prognosis and treatment for, 64 
in renal allograft recipient, 199 
secondary causes of, 61, 61b, 64t 
segmental lesions in, 54t 
synonyms for, 60 
global, chronic allograft injury due to, 194t 
intercapillary. See Diabetic nephropathy. 
nodular 
diabetic, 82, 82f, 84f, 84t 
idiopathic, 84, 84t 
Glomerulus(i) 
abnormal 
with capillary wall alterations, 52t 
with mesangial alterations, 53t 
with mesangial and capillary alterations, 53t 
with segmental lesions, 54t 
development of, 3, 4f-5f 
normal, 52t, 57-58, 58f 
in glomerular disease, 52t, 57 
ultrastructure of, 57-58, 58f 
in renal biopsy interpretation 
algorithm for, 51-55, 54f 
capillary wall alterations in, 52t 
mesangial alterations in, 53t 
mesangial and capillary wall alterations in, 
53t 
normal glomeruli in, 52t 
segmental lesions in, 54t 
overview of, 49-50, 50f-51f 
Glutaraldehyde fixation, of biopsy specimen, 
48-49 
GN. See Glomerulonephritis (GN). 
Goodpasture antigen, 98 
Goodpasture syndrome, 98 
Granular casts, in acute tubular necrosis, 
143-145, 145f 
Granular cell renal cell carcinoma, 228-229, 231, 
232¢f 
Granular renal cell carcinoma, 228-229, 231, 232f 
Granulomatosis with polyangiitis, 100, 100t, 134 
Granulomatous interstitial nephritis (GIN), 
134-135, 134t 
differentiating features of, 134t 
drug-induced, 134-135, 134t, 135f 
due to fungal infections, 134t, 135, 135f 
localization and clinical manifestations of, 
134-135 
due to mycobacterial infections, 134t, 135 
radiologic features and gross pathology of, 134 
due to sarcoidosis, 134t, 135, 136f 
Gross anatomy, of kidney, 9, 9f 
Growth factors, in renal development, 7 
GS. See Glomerulosclerosis (GS). 
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Habib, Renee, 71 
Hamartin, in renal angiomyolipoma, 272 
Hand-foot-genital syndrome, 8 
HCDD (heavy-chain deposition disease), 92 
HCV (hepatitis C virus), cryoglobulinemia due 
to, 93, 95 
Heavy metal nephropathy, 146-147 
due to cadmium, 146-147 
due to chromium, 147 
due to copper, 147 
due to lead, 147 
due to mercury, 147 
Heavy-chain deposition disease (HCDD), 92 
Hemangioma, 280-281 
ancillary diagnostic studies of, 281 
capillary, 281 
cavernous, 281 
differential diagnosis of, 281 
gross pathology of, 281 
histopathology of, 281, 281f-282f 
incidence and demographics of, 280-281 
location and clinical manifestations of, 280-281 
radiologic features of, 281 
treatment and prognosis for, 281 
Hemangiopericytoma (HPC), 284-285, 305-307 
ancillary diagnostic studies of, 285, 307 
differential diagnosis of, 284, 306-307 
genetics of, 307 
histopathology of, 284, 306, 306f 
incidence and demographics of, 284-285, 306 
localization and clinical manifestations of, 284, 
306 
radiologic features and gross pathology of, 284, 
306 
treatment and prognosis for, 285, 307 
Hemangiopericytoma-like appearance, solitary 
fibrous tumor with, 282, 283f 
Hematologic neoplastic disorders, 
tubulointerstitial disease due to, 
149-156 
lymphoproliferative disorders as, 150-154 
multiple myeloma as, 149 
light-chain cast nephropathy as, 149-150 
light-chain Fanconi syndrome as, 150 
sclerosing extramedullary hematopoietic tumor 
in myeloproliferative neoplasms as, 
154-156 
Hematomas, perinephric, due to percutaneous 
renal biopsy, 48 
Hematoxylin and eosin (H&E) stain, of biopsy 
specimen, 48-49 
Hematuria 
benign familial (hereditary, benign essential). 
See Thin glomerular basement 
membrane nephropathy (TGBMN). 
benign recurrent. See Immunoglobulin A (IgA) 
nephropathy. 
due to percutaneous renal biopsy, 48 
Hemoglobin, acute tubular necrosis due to, 144 
Hemolytic-uremic syndrome (HUS), 108-109 
clinical manifestations of, 108 
diarrhea-associated, 108 
differential diagnosis of, 109 
histopathology of, 108-109, 108f-109f 
incidence and demographics of, 108 
nondiarrhea-associated, 108 
prognosis and treatment for, 109 
Henoch-Schénlein purpura (HSP), 68, 100t 
Hepatitis C virus (HCV), cryoglobulinemia due 
to, 93, 95 
Hepatocyte growth factor (HGF), in renal 
development, 7 
Hereditary hematuria. See Thin glomerular 
basement membrane nephropathy 
(TGBMN). 
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Hereditary leiomyomatosis and renal cell 
carcinoma (HLRCC), 294t, 296, 297f 
vs. papillary renal cell carcinoma, 242 
Hereditary nephritis, normal glomeruli in early, 
52t 
Hereditary nephrotic syndrome, 124 
Hereditary osteo-onychodysplasia (HOOD). See 
Nail-patella syndrome. 
Hereditary syndromes 
renal cell carcinoma associated with, 294-298, 
294t 
Birt-Hogg-Dube syndrome as, 294t, 
296-298, 298f 
with chromosome 3 translocations, 294t 
clear cell, 294t, 295 
familial papillary thyroid cancer as, 294t 
hereditary leiomyomatosis as, 294t, 296, 297f 
vs. papillary renal cell carcinoma, 242 
hereditary paraganglioma as, 294t 
hyperparathyroidism-jaw tumor as, 294t 
papillary, 294t, 295-296 
tuberous sclerosis as, 294t, 296 
von Hippel-Lindau disease as, 294-295, 294t, 
295f 
renal cysts in, 38-40 
tuberous sclerosis complex as, 38 
clinical manifestations of, 38 
differential diagnosis of, 21t, 38 
histopathology of, 38, 38f 
incidence and demographics of, 38 
prognosis and treatment for, 38 
radiographic and gross features of, 38, 38f 
von Hippel-Lindau syndrome as, 38-40 
clinical manifestations of, 39 
differential diagnosis of, 21t, 40 
histopathology of, 39, 39f 
incidence and demographics of, 39 
pathogenesis of, 38-39 
prognosis and treatment for, 40 
radiographic and gross features of, 39, 39f 
HGF (hepatocyte growth factor), in renal 
development, 7 
HIF (hypoxia-inducible factor), in von Hippel- 
Lindau syndrome, 293f, 294-295 
High-molecular weight cytokeratin (CK-HMW), 
in renal neoplasms, 204t, 209 
Histiocytoma, malignant fibrous, 288 
Histoplasma, granulomatous interstitial nephritis 
due to, 135 
HIVAN. See Human immunodeficiency 
virus-associated nephropathy (HIVAN). 
HLAs (human leukocyte antigens), in acute 
T-cell-mediated rejection, 185 
HLRCC (hereditary leiomyomatosis and renal cell 
carcinoma), 294t, 296, 297f 
vs. papillary renal cell carcinoma, 242 
HMB.-45, in epithelioid angiomyolipoma, 
274-276, 275f-276f 
Hollande’s fixed kidney biopsy specimen, 48 
HOOD (hereditary osteo-onychodysplasia). See 
Nail-patella syndrome. 
Horseshoe kidney, 8 
HOT (hybrid oncocytic tumors), 294t, 296-298, 
298f 
Hox genes, in renal development, 7 
HPC. See Hemangiopericytoma (HPC). 
hSNF5/INI1 gene, in rhabdoid tumor, 223 
HSP (Henoch-Schénlein purpura), 68, 100t 
Human immunodeficiency virus-associated 
nephropathy (HIVAN), 95-98 
clinical manifestations of, 96 
differential diagnosis of, 96-97 
electron microscopy of, 96, 97f 
histopathology of, 96 
collapsing glomerulopathy in, 96, 97f 
tubulointerstitial changes in, 96, 97f 


Human immunodeficiency virus-associated 
nephropathy (HIVAN) (Cont.) 
historical background of, 95-96 
immunofluorescence studies of, 96 
incidence and demographics of, 96 
prognosis and treatment for, 97-98 
Human leukocyte antigens (HLAs), in acute 
T-cell-mediated rejection, 185 
Humoral rejection. See Antibody-mediated 
rejection. 
HUS. See Hemolytic-uremic syndrome (HUS). 
Hyaline arteriolosclerosis, in hypertensive 
nephrosclerosis, 160, 161f 
Hybrid oncocytic tumors (HOT), 294t, 296-298, 
298f 
Hybrid tumors, 264 
Hydrolethalus syndrome, 30 
Hyperacute rejection 
clinical manifestations of, 187-188 
defined, 187-188 
histopathology of, 188, 188f 
Hypernephroma, 228-229 
Hyperoxalurias 
primary, 148 
in renal allograft recipient, 200, 200f 
secondary, 148 
Hyperparathyroidism-jaw tumor syndrome, renal 
cell carcinoma in, 294t 
Hypertension 
accelerated, 178 
defined, 159 
malignant, 178 
renovascular, 165 
stage 1, 159-160 
stage 2, 159-160 
Hypertensive crisis, 178-179 
clinical manifestations of, 178 
defined, 178 
differential diagnosis of, 178 
histopathology of, 178, 178f 
incidence and demographics of, 178 
pathogenesis of, 178 
prognosis and treatment for, 179 
Hypertensive emergency, 178 
Hypertensive nephrosclerosis, 159-162 
clinical manifestations of, 159-160 
differential diagnosis of, 161 
electron microscopy of, 161, 162f 
gross pathology of, 160, 160f 
histopathology of, 160-161, 160f-161f 
immunofluorescent findings in, 160-161, 
161f 
incidence and demographics of, 159 
mesangial alterations in, 53t 
prognosis and treatment for, 162 
synonyms for, 159 
Hypertensive urgency, 178 
Hypocomplementemic interstitial nephritis, 131 
clinical manifestations of, 131 
differential diagnosis of, 131 
histopathology of, 131, 131f 
immunofluorescence studies of, 131, 131f 
immunophenotype of, 131 
incidence and demographics of, 131 
prognosis and treatment for, 131 
Hypoxia-inducible factor (HIF), in von 
Hippel-Lindau syndrome, 293f, 
294-295 
Hypoxia-inducible pathway, in von Hippel- 
Lindau syndrome, 293f, 294-295 
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Idiopathic membranous nephropathy, vs. lupus 
nephritis, 88t 
Idiopathic nodular glomerulosclerosis, 84, 84t 
mesangial alterations in, 53t 


IF studies. See Immunofluorescence (IF) studies. 
IFN-« (interferon-alpha), for clear cell renal cell 
carcinoma, 235 
IgA nephropathy. See Immunoglobulin A (IgA) 
nephropathy. 
IGF (insulin-like growth factor), in renal 
development, 7 
IgG (immunoglobulin G) deposits, monoclonal, 
proliferative glomerulonephritis with, 
107t 
IgG4-related kidney disease. See Immunoglobulin 
G4 (IgG4)-related kidney disease. 
IgM (immunoglobulin M) nephropathy 
differential diagnosis of, 71t 
mesangial alterations in, 53t 
IL-2 (interleukin-2), for clear cell renal cell 
carcinoma, 235 
ILNR (intralobar nephrogenic rests), 221 
Immune complex—mediated necrotizing and 
crescentic glomerulonephritis, 
differential diagnosis of, 100t 
Immune-mediated tubulointerstitial nephritis, 
130-134 
anti- TBM-associated, 130 
in connective tissue diseases, 131-132 
hypocomplementemic, 131 
IgG4-related, 132-133 
in Sjögren syndrome, 130 
in tubulointerstitial nephritis-uveitis syndrome, 
133-134 
Immunofluorescence (IF) studies, of biopsy 
specimen 
example of, 55, 55f 
overview of interpretation of, 49-50 
tissue preparation for, 48-49, 48f 
Immunoglobulin A (IgA) nephropathy, 67-71 
classification of, 69, 70t 
clinical manifestations of, 68 
crescentic, 68-69, 69f 
differential diagnosis of, 70, 71t, 74t 
vs. lupus nephritis, 88t 
electron microscopy of, 70, 71f 
with endocapillary proliferation, 68-69, 69f 
etiology and pathogenesis of, 67-68 
familial, 68 
histopathology of, 68-70, 68b 
immunofluorescence studies of, 70, 70f 
incidence and demographics of, 67 
with intratubular red blood cell casts, 68-69, 
68f 
mesangial alterations in, 53t 
mesangioproliferative, 68-69, 69f 
necrotizing, 68-69 
with no or minimal glomerular abnormalities, 
68-69 
prognosis and treatment for, 70-71 
in renal allograft recipient, 199 
with segmental sclerosing lesions, 68-69, 
69f 
Immunoglobulin G (IgG) deposits, monoclonal, 
proliferative glomerulonephritis with, 
107t 
Immunoglobulin G4 (IgG4)-related kidney 
disease, 132-133 
clinical manifestations of, 132-133 
gross pathology of, 133 
histopathology of, 133, 133f 
immunohistochemical staining for, 133, 
133f 
incidence and demographics of, 132-133 
radiologic features of, 133, 133f 
Immunoglobulin M (IgM) nephropathy 
differential diagnosis of, 71t 
mesangial alterations in, 53t 
Immunohistochemical stains, of biopsy specimen, 
48 
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Immunohistochemistry, of renal neoplasms, 204t, 
207-209, 208f 
Ber-EP4 in, 209 
carbonic anhydrase 9 (CA IX) in, 204t, 209, 
210f-211f 
CD10 in, 209 
CD117 in, 204t, 209 
cell block for, 204, 204t 
cytokeratin 7 in, 204t, 209 
high-molecular weight cytokeratin in, 204t, 
209 
low-molecular weight cytokeratin in, 204t, 208, 
208f 
napsin A in, 204t, 209, 210f 
P504S in, 204t, 209, 210f 
Pax2 in, 204t, 209 
Pax8 in, 204t, 208 
pVHL in, 204t, 209 
RCC antibody in, 204t, 209 
vimentin in, 204t, 209 
Immunotactoid glomerulopathy, 104-107 
clinical manifestations of, 104-107 
differential diagnosis of, 104-107, 107t 
vs. anti-GBM antibody—mediated 
glomerulonephritis, 74t 
electron microscopy of, 104-106, 106f 
histopathology of, 104-106, 105f 
immunofluorescence staining of, 104-106, 106f 
mesangial and capillary alterations in, 53t 
prognosis and treatment for, 107 
Indinavir-related nephropathy, 137, 137f 
Infancy, ossifying renal tumor of, 223 
Infants, autosomal dominant polycystic kidney 
disease in, 21-22 
clinical manifestations of, 22 
differential diagnosis of, 22 
histopathology of, 22 
incidence and demographics of, 22 
prognosis and treatment for, 22 
radiographic and gross features of, 22 
Infection, in renal allograft recipient, 194-199 
in first month, 194 
after six months, 194 
in two to six months, 194 
viral, 194-199, 194t 
with adenovirus, 194t, 198-199, 198f-199f 
with cytomegalovirus, 194t, 196, 196f 
with Epstein-Barr virus, 194-196, 194t, 195f 
with polyoma (BK) virus, 194t, 196-198, 
197£-198f 
Infection-related tubulointerstitial injury, 139-143 
acute pyelonephritis as, 139-140 
chronic pyelonephritis and reflux nephropathy 
as, 140-141 
due to special bacterial infectious processes, 
141-142 
malacoplakia and megalocytic interstitial 
nephritis as, 142 
xanthogranulomatous pyelonephritis as, 
141-142 
due to viral infections, 142-143 
Inferior segmental artery, 10f 
Inferior suprarenal artery, 10f 
Insulin-like growth factor (IGF), in renal 
development, 7 
Intercalated cells, 13-14, 13f 
Intercapillary glomerulosclerosis. See Diabetic 
nephropathy. 
Interferon-alpha (IFN-«), for clear cell renal cell 
carcinoma, 235 
Interleukin-2 (IL-2), for clear cell renal cell 
carcinoma, 235 
Interlobar arteries, 10, 10f 
Interlobular artery and vein, 10, 10f 
Intermediate mesoderm, in renal development, 
1-2, 2f 


Interstitial cell tumor, renomedullary. See 
Renomedullary interstitial cell tumor. 
Interstitial fibrosis and tubular atrophy, 
post-transplant, 191-192 
differential diagnosis of, 194t 
histopathology of, 191, 192f-193f 
quantitative scoring criteria for, 191, 192t 
Interstitial myeloma, 149, 149f 
Interstitial nephritis. See Tubulointerstitial 
nephritis (TIN). 
Intimal fibroplasia 
histopathology of, 168t, 169, 169f 
radiologic features of, 168, 168t 
Intralobar nephrogenic rests (ILNR), 221 
Intravascular B-cell lymphoma (IVBCL), 331t, 
332, 332f 
Inverted papilloma, 313-317 
ancillary diagnostic studies of, 316-317 
differential diagnosis of, 314-316 
vs. low-grade urothelial carcinoma, 314-315, 
315f-317f, 316t 
vs. proliferative pyelitis, 314-315, 315f 
vs. pyelitis cystica et glandularis, 314-315, 
315f 
genetics of, 317, 318f 
glandular variant of, 314, 314f 
histopathology of, 314, 314f 
incidence and demographics of, 313-317 
localization and clinical manifestations of, 
313-314 
pseudoglandular variant of, 314, 314f 
radiologic features and gross pathology of, 314 
treatment and prognosis for, 317 
Ischemia/reperfusion injury, 184 
Ischemic tubular injury, 143-149 
acute tubular necrosis as, 143-145 
heavy metal nephropathy as, 146-147 
due to cadmium, 146-147 
due to chromium, 147 
due to copper, 147 
due to lead, 147 
due to mercury, 147 
oxalate nephropathy as, 147-149 
phosphate nephropathy as, 145-146 
IVBCL (intravascular B-cell lymphoma), 331t, 
332, 332f 
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JG. See Juxtaglomerular (JG). 
Jones methenamine silver stain, of biopsy 
specimen, 49 
Joubert syndrome, renal cystic disease in, 30-32 
clinical manifestations of, 31-32 
incidence and demographics of, 31 
pathogenesis and genetics of, 31, 31t 
prognosis and treatment for, 32 
Joubert syndrome and related disorders (JSRD), 
30 
Juxtaglomerular (JG) apparatus, 13, 13f 
Juxtaglomerular (JG) cell(s), 13, 13f 
Juxtaglomerular (JG) cell tumor, 304-305 
ancillary diagnostic studies of, 305 
differential diagnosis of, 305 
genetics of, 305 
histopathology of, 304-305, 305f 
incidence and demographics of, 304-305 
localization and clinical manifestations of, 304 
radiographic features and gross pathology of, 
304 
treatment and prognosis for, 305 
Juxtamedullary nephron, 11f 
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Kawasaki disease (KD), 174-175 
clinical manifestations of, 174 
differential diagnosis of, 100t, 171t, 174 


Kawasaki disease (KD) (Cont.) 
histopathology of, 174 
incidence and demographics of, 174 
prognosis and treatment for, 175 


Kidney(s) 
anatomy of, 9-14 
gross, 9, 9f 


microscopic, 10-14 
of distal nephron, 11f-13f, 12-14 
of loop of Henle, 11f, 12 
of nephron, 10, 11f 
of proximal tubules, 11-12, 11f-13f 
of renal corpuscle, 10-11, 12f 
renal circulation in, 9-10, 10f 
changes in position of, 3 
congenital anomalies of, 7-8 
cystic, 16b 
development of, 1-9 
changes in position in, 3 
excretory organs formed in, 2-3 
mesonephric kidney as, 2-3, 3f 
metanephric kidney as, 3, 3f-5f 
pronephric kidney as, 2, 3f 
mechanisms of, 3-7, 6t 
branching of ureteric bud as, 7 
differentiation of metanephric 
mesenchyme as, 6 
early markers of, 5-6 
formation of nephric duct as, 4 
stimulation of ureteric bud outgrowth 
from nephric duct as, 6-7 
origin of primordial cells in, 1-2, 2f 
ectopic, 8 
function of, 9 
glomerulocystic, 35-38 
classification of, 17b, 36, 36t 
clinical manifestations of, 36 
defined, 16b 
differential diagnosis of, 37-38 
histopathology of, 37, 37f 
incidence and demographics of, 36 
pathogenesis of, 36-38 
prognosis and treatment for, 38 
radiographic and gross features of, 36 
horseshoe, 8 
medullary sponge, 34-35 
clinical manifestations of, 34-35 
differential diagnosis of, 21t, 35 
histopathology of, 35, 35f 
incidence and demographics of, 34 
pathogenesis of, 34-35 
prognosis and treatment for, 35 
radiographic and gross features of, 35, 35f 
mesonephric, 2-3, 3f 
metanephric, 3, 3f-5f 
multicystic, 16b 
dysplastic 
clinical manifestations of, 27 
differential diagnosis of, 21t, 26t, 27 
histopathology of, 27, 28f-29f 
incidence and demographics of, 27 
pathogenesis of, 27-28 
prognosis and treatment for, 27-28 
radiographic and gross features of, 27, 28f 
pluricystic, 28-29 
pronephric, 2, 3f 
Kidney transplantation, 183-202 
antibody-mediated rejection after, 187-191 
acute, 187-190 
C4d deposition in, 189, 189f, 190t 
clinical manifestations of, 187-188 
defined, 187 
diagnostic criteria for, 188t 
differential diagnosis of, 190 
glomeruli in, 188, 188f 
histopathology of, 188-189 
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Kidney transplantation (Cont.) 
antibody-mediated rejection after (cont.) 
acute (cont.) 
incidence and demographics of, 187-190 
interstitium in, 189 
peritubular capillaries in, 188-189, 189f, 
190t 
prognosis and treatment for, 190 
small arteries and arterioles in, 189, 189f 
chronic active (chronic humoral, transplant 
glomerulopathy), 190-191 
clinical manifestations of, 190 
differential diagnosis of, 191 
histopathology of, 190-191, 190f 
pathogenesis of, 191 
ultrastructure of, 190-191, 191f 
classification of, 188t 
for autosomal dominant polycystic kidney 
disease, 21 
chronic allograft injury after, differential 
diagnosis of, 194t 
delayed graft function after, 183-185 
clinical manifestations of, 184 
defined, 183 
differential diagnosis of, 184-185, 185f 
etiology of, 183 
histopathology of, 184, 184f 
incidence and demographics of, 183-185 
prognosis and treatment for, 185 
drug-induced injury after, 192-194 
due to calcineurin inhibitor toxicity 
acute, 192-193, 193f 
chronic, 193-194, 193f 
infection after, 194-199 
in first month, 194 
after six months, 194 
in two to six months, 194 
viral, 194-199, 194t 
with adenovirus, 194t, 198-199, 198f-199f 
with cytomegalovirus, 194t, 196, 196f 
with Epstein-Barr virus, 194-196, 194t, 
195f 
with polyoma (BK) virus, 194t, 196-198, 
197f-198f 
interstitial fibrosis and tubular atrophy after, 
191-192 
differential diagnosis of, 194t 
histopathology of, 191, 192f-193f 
quantitative scoring criteria for, 191, 192t 
recurrent disease after, 199-201 
in renal allograft, 199 
focal segmental glomerulosclerosis as, 
199 
IgA nephropathy as, 199 
membranoproliferative glomerulonephritis 
as, 199 
membranous nephropathy as, 199 
in system diseases, 200-201 
amyloidosis as, 201 
anti-GBM disease as, 200-201 
diabetic glomerulosclerosis as, 200 
lupus nephritis as, 200 
primary hyperoxaluria type I as, 200, 200f 
systemic vasculitis as, 200 
T-cell-mediated rejection after 
acute, 185-187 
Banff classification of, 185, 187t 
clinical manifestations of, 185 
differential diagnosis of, 186-187 
histopathology of, 185-186, 186f 
incidence and demographics of, 185-187 
prognosis and treatment for, 187 
quantitative criteria for, 186t 
chronic active, 186, 187f, 187t 
Kimmelstiel-Wilson nodules, in diabetic 
nephropathy, 82, 82f 
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LAMB2 gene, in diffuse mesangial sclerosis, 124 
LAMP-2 (lysosomal-associated membrane 
protein-2), 100 
Large-vessel vasculitis, 171, 171t 
Lateral plate mesoderm, in renal development, 
1-2, 2f 
LCCN. See Light-chain cast nephropathy (LCCN). 
LCDD. See Light-chain deposition disease 
(LCDD). 
IcSSc (limited cutaneous systemic sclerosis), 175, 
175t 
Lead toxicity, 147 
Lecithin cholesterol acyltransferase (LCAT) 
deficiency, 119 
clinical manifestations of, 119 
differential diagnosis of, 119 
histopathology of, 119, 120f 
ultrastructure of, 119, 120f 
LECT2 (leukocyte chemotactic factor 2), 
amyloidosis with, 88 
Leiomyoma, 279-280 
ancillary diagnostic studies of, 279-280, 280f 
differential diagnosis of, 280 
genetics of, 280 
gross pathology of, 279 
histopathology of, 279, 279f-280f 
incidence and demographics of, 279-280 
location and clinical manifestations of, 279 
radiologic findings in, 279 
treatment and prognosis for, 280 
Leiomyomatosis, hereditary, and renal cell 
carcinoma, 294t, 296, 297f 
vs. papillary renal cell carcinoma, 242 
Leiomyosarcoma, 283-284 
ancillary diagnostic studies of, 284 
differential diagnosis of, 284 
histopathology of, 283, 284f 
incidence and demographics of, 283-284 
localization and clinical manifestations of, 283 
radiologic features and gross pathology of, 
283 
treatment and prognosis for, 284 
Lenarduzzi, Guerrino, 34 
Lenarduzzi-Cacchi-Ricci disease. See Medullary 
sponge kidney (MSK). 
Lengauer, Christoph, 210-211 
Leukemia 
chronic lymphocytic, 331t 
T-cell acute lymphoblastic, 333f 
Leukocyte chemotactic factor 2 (LECT2), 
amyloidosis with, 88 
LHCDD (light- and heavy-chain deposition 
disease), 92 
mesangial alterations in, 53t 
Lhx1, in renal development, 5-6, 6t 
Li-Fraumeni syndrome, nephroblastoma in, 216t 
Light- and heavy-chain deposition disease 
(LHCDD), 92 
mesangial alterations in, 53t 
Light-chain cast nephropathy (LCCN), 149-150 
clinical manifestations of, 150 
histopathology of, 150, 150f-151f 
immunofluorescence studies of, 150, 152f 
synonyms for, 149 
Light-chain deposition disease (LCDD), 92 
biopsy of, 49-50, 50f 
histopathology of, 92-93, 93f 
immunofluorescence for, 92-93, 93f 
mesangial alterations in, 53t 
nodular mesangial sclerosis in, 84, 84t 
ultrastructure of, 93, 93f-94f 
Light-chain Fanconi syndrome, 150 
clinical manifestations of, 150 
electron microscopy of, 150, 153f 
histopathology of, 150, 152f 
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immunofluorescence and 
immunohistochemical staining of, 150, 
153f 
Light microscopy (LM), of biopsy specimen 
interpretation of 
example of, 55, 55f 
overview of, 49 
tissue preparation for, 48-49, 48f 
Limited cutaneous systemic sclerosis (IcSSc), 175, 
175t 
Lipodystrophia progressive. See Lipodystrophy, 
acquired partial (progressive). 
Lipodystrophy, acquired partial (progressive), 
123-124 
clinical manifestations of, 123 
differential diagnosis of, 124 
histopathology of, 123-124, 123f 
incidence and demographics of, 123-124 
prognosis and treatment for, 124 
synonyms for, 123 
Lipoid nephrosis. See Minimal change disease 
(MCD). 
Lipoprotein glomerulopathy (LPG), 119-121 
clinical manifestations of, 120 
differential diagnosis of, 121 
histopathology of, 120-121, 120f-121f 
immunohistochemistry of, 120-121, 121f 
incidence and demographics of, 119-121 
prognosis and treatment for, 121 
ultrastructure of, 120-121, 121f 
Lithium nephrotoxicity, 136, 136f 
LM (light microscopy), of biopsy specimen 
interpretation of 
example of, 55, 55f 
overview of, 49 
tissue preparation for, 48-49, 48f 
LMX1B gene 
in focal segmental glomerulosclerosis, 124 
in nail-patella syndrome, 122 
Lobular glomerulonephritis. See 
Membranoproliferative 
glomerulonephritis (MPGN). 
Loop of Henle 
anatomy of, 11f, 12 
ascending thick, 11f, 12 
ascending thin, 11f, 12 
descending thin, 11f, 12 
development of, 3, 4f 
functions of, 12 
short vs. long, 10 
Low-grade collecting duct carcinoma. See 
Tubulocystic carcinoma (TCC). 
Low-molecular weight cytokeratin (CK-LMW), 
in renal neoplasms, 204t, 208, 208f 
LPG. See Lipoprotein glomerulopathy (LPG). 
Lung carcinoma, metastatic to kidney, 335, 
335f-336f 
Lupus nephritis, 84-88 
advanced sclerotic, 85t 
in antiphospholipid syndrome, 87, 87f 
classification of, 85, 85t 
clinical manifestations of, 84-85, 85t 
differential diagnosis of, 88, 88f, 88t 
vs. IgA nephropathy, 71t 
vs. immunotactoid glomerulonephritis, 107t 
vs. membranoproliferative 
glomerulonephritis, 74t 
diffuse, 85t, 86, 87f 
focal, 85t, 86, 86f 
histopathology of, 85-88 
incidence and demographics of, 84 
membranous, 85t, 86, 87f 
mesangial alterations in, 53t 
mesangial and capillary alterations in, 53t 
mesangial proliferative, 85t, 86, 86f 
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Lupus nephritis (Cont.) 
minimal mesangial, 85t, 86, 86f 
morphologic patterns of glomerular injury in, 
86-87 
natural history of, 86-87 
prognosis and treatment for, 88 
in renal allograft recipient, 200 
segmental lesions in, 54t 
tubulointerstitial disease in, 87-88 
tubulointerstitial injury due to, 132f 
Lymphangioma, 278-279 
ancillary diagnostic studies of, 278 
differential diagnosis of, 279 
genetics of, 279 
gross pathology of, 278 
histopathology of, 278, 278f 
incidence and demographics of, 278-279 
localization and clinical manifestations of, 
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radiologic findings in, 278 
treatment and prognosis for, 279 
Lymphangiomatosis, 278 
Lymphoma, 328-332 
ancillary diagnostic studies of, 331t, 332 
differential diagnosis of, 332, 333f-334f 
genetics of, 332 
gross pathology of, 330 
histologic variants of, 330-332 
anaplastic large-cell, 331, 331t 
Burkitt, 331-332 
diffuse large B-cell, 330, 331f, 331t 
follicular, 330, 331t 
intravascular B-cell, 331t, 332, 332f 


mucosa-associated lymphoid tissue (MALT), 


330-331, 331t, 332f 
peripheral T-cell, 331t 
precursor B-lymphoblastic, 334f 
small lymphocytic, 330, 331t, 333f 
T-cell, 331 
histopathology of, 330, 330f-331f 
incidence and demographics of, 328-332 
localization and clinical manifestations of, 
329 
radiologic features of, 329-330, 329f-330f 
treatment and prognosis for, 332 
tubulointerstitial disease due to, 150-154 
clinical manifestations of, 151 
differential diagnosis of, 153-154 
histopathology of, 151, 154f-155f 
incidence and demographics of, 150-154 
Lymphoproliferative disorders, tubulointerstitial 
disease due to, 150-154 
clinical manifestations of, 151 
differential diagnosis of, 153-154 
histopathology of, 151, 154f-155f 
incidence and demographics of, 150-154 
Lysosomal-associated membrane protein-2 
(LAMP-2), 100 
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Macula densa, 10-11, 13, 13f 

Major histocompatibility complex (MHC) 
antigens, in acute T-cell-mediated 
rejection, 185 

Malacoplakia, 142, 142f 

Malignant fibrous histiocytoma (MFH), 288 

Malignant fibrous histiocytoma (MFH)-like 
appearance, sarcomatoid 


dedifferentiation in renal cell carcinoma 


with, 256, 257f 

Malignant hypertension, 178 

Malignant papillary tumors with extensive clear 
cell change. See Clear cell papillary 
renal cell carcinoma (CcPRCC). 

MALT (mucosa-associated lymphoid tissue) 
lymphoma, 330-331, 331t, 332f 


Mammalian target of rapamycin (mTOR) 
inhibitors, for autosomal dominant 
polycystic kidney disease, 21 

Masson trichrome stain, of biopsy specimen, 49 

MCD. See Minimal change disease (MCD). 

MCDK. See Multicystic dysplastic kidney 
(MCDK). 

MCKD. See Medullary cystic kidney disease 
(MCKD). 

Meckel-Gruber syndrome (MKS), renal cystic 
disease in, 29-30 

clinical manifestations of, 29 

differential diagnosis of, 30, 30b 
histopathology of, 30, 30f 

incidence and demographics of, 29 
pathogenesis and genetics of, 29 
prognosis and treatment for, 30 
radiographic and gross features of, 29, 29f 

Meckelin, in Meckel-Gruber syndrome, 29 

Medial fibroplasia, 168, 168t 

histopathology of, 168, 168t, 169f 
prognosis and treatment for, 170 
radiologic features of, 168, 168t 

Medication-induced. See Drug-induced. 

Medium-vessel vasculitis, 171, 171t 

Medullary cystic kidney disease (MCKD), 32-34 

clinical manifestations of, 33 

differential diagnosis of, 21t, 34 
histopathology of, 33-34 

incidence and demographics of, 32-33 
pathogenesis and genetics of, 31t, 32-34 
prognosis and treatment for, 34 
radiographic and gross features of, 33, 33f 

Medullary sponge kidney (MSK), 34-35 

clinical manifestations of, 34-35 
differential diagnosis of, 21t, 35 
histopathology of, 35, 35f 

incidence and demographics of, 34 
pathogenesis of, 34-35 

prognosis and treatment for, 35 
radiographic and gross features of, 35, 35f 


Megalocytic interstitial nephritis (MIN), 142, 143f 


Membranoproliferative glomerulonephritis 
(MPGN), 71-74 
due to acquired partial lipodystrophy, 123 
capillary wall alterations in, 52t 
causes of, 72, 72b 
clinical manifestations of, 71-72 
differential diagnosis of, 74, 74t 
vs. lupus nephritis, 88t 
histopathology of, 72-73 
historical background of, 71 
incidence and demographics of, 71 
mesangial and capillary alterations in, 53t 
prognosis and treatment for, 74 
in renal allograft recipient, 199 
synonyms for, 71 
type I, 71 
clinical manifestations of, 71 
electron microscopy of, 72-73, 73f 
histopathology of, 72-73, 72f 
immunofluorescence staining of, 72-73, 73f 
incidence and demographics of, 71 
prognosis and treatment for, 74 
type II, 71 
clinical manifestations of, 71-72 
electron microscopy of, 73, 74f 
histopathology of, 73, 73f 
immunofluorescence staining of, 73, 74f 
incidence and demographics of, 71 
prognosis and treatment for, 74 
type II, 71, 73 
Membranous glomerulonephritis. See 
Membranous nephropathy. 
Membranous glomerulopathy. See Membranous 
nephropathy. 


Membranous nephritis. See Membranous 
nephropathy. 
Membranous nephropathy, 64-67 
biopsy of, 49-50, 51f 
capillary wall alterations in, 52t 
clinical manifestations of, 65 
differential diagnosis of, 66 
vs. lupus nephritis, 88t 
early 
vs. lupus nephritis, 88t 
normal glomeruli in, 52t 
etiology and pathogenesis of, 64-65, 65f 
histopathology of, 65-66, 65f-66f 
immunofluorescence staining of, 65, 66f 
incidence and demographics of, 64 
prognosis and treatment for, 67 
in renal allograft recipient, 199 
secondary causes of, 64, 64b 
synonyms for, 64 
ultrastructural stages of, 66, 67t 
ultrastructure of, 66, 66f 
Mercury toxicity, 147 
Mesangial alterations, glomeruli with, 53t 
Mesangial cells, 10-11, 12f 
Mesangial nodules, in renal biopsy interpretation, 
49-50, 50f 
Mesangial sclerosis 
in diabetic nephropathy, 82, 82f, 84f 
diffuse, 124 
Mesangiocapillary glomerulonephritis. See 
Membranoproliferative 
glomerulonephritis (MPGN), type I. 
Mesangiolysis, in diabetic nephropathy, 82-83, 
82f 
Mesenchymal tumors, in children, 216b 
Mesoblastic nephroma, 222-223 
clinical features of, 223 
cytogenetic alterations in, 213t 
pathologic features of, 222-223, 222f 
Mesoderm, in renal development, 1-2, 2f 
Mesonephric kidney, 2-3, 3f 
MEST. See Mixed epithelial and stromal tumor 
(MEST). 
Metabolic syndrome, mesangial alterations in, 53t 
Metanephric adenofibroma, 224 
Metanephric adenoma, 223, 224f 
Metanephric kidney, 3, 3f-5f 
Metanephric mesenchyme, differentiation of, 6 
Metanephric stromal tumor (MST), 224 
Metanephric tumors, 216b, 223-224 
adenofibroma as, 224 
adenoma as, 223, 224f 
stromal tumor as, 224 
Metastases, to kidney. See Renal metastases. 
Metastatic epithelioid angiomyolipoma, 273, 
273f-274f 
Metastatic nephroblastoma, 218, 220f 
MFH (malignant fibrous histiocytoma), 288 
MFH (malignant fibrous histiocytoma)-like 
appearance, sarcomatoid 
dedifferentiation in renal cell carcinoma 
with, 256, 257f 
MHC (major histocompatibility complex) 
antigens, in acute T-cell-mediated 
rejection, 185 
Michaelis-Gutman bodies, 142, 142f 
Michel’s medium, for fixation of biopsy specimen, 
48 
Microaneurysms, in diabetic nephropathy, 82-83, 
82f 
Microangiopathy, thrombotic, 107-109 
in antiphospholipid syndrome, 87, 87f 
capillary wall alterations in chronic, 52t 
causes of, 107, 107b 
due to hemolytic-uremic syndrome, 108-109, 
108f-109f 
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Microangiopathy, thrombotic (Cont.) 


due to thrombotic thrombocytopenic purpura, 


107-109 
Microcirculation, of kidney, 9-10, 10f 


Microphthalmia transcription factor (MITF) gene 


family, 294 
Microscopic anatomy, of kidney, 10-14 
of distal nephron, 11f-13f, 12-14 
of loop of Henle, 11f, 12 
of nephron, 10, 11f 
of proximal tubules, 11-12, 11f-13f 
of renal corpuscle, 10-11, 12f 
Microscopic polyangiitis, 100t 


Microvilli, in proximal convoluted tubule, 11, 13f 


MIDD. See Monoclonal immunoglobulin 
deposition disease (MIDD). 
MIN (megalocytic interstitial nephritis), 142, 
143f 
Minimal change disease (MCD), 58-60 
clinical manifestations of, 59 
differential diagnosis of, 59-60, 60t 
vs. lupus nephritis, 88t 
electron microscopy of, 59, 59f 
genetic forms of, 124 
histopathology of, 59, 59f 
immunofluorescent staining in, 59, 59f 
incidence and demographics of, 59 
normal glomeruli in, 52t 
prognosis and treatment for, 60 
synonyms for, 58-59 


MITF (microphthalmia transcription factor) gene 


family, 294 
Mixed epithelial and stromal tumor (MEST), 
300-303 
ancillary diagnostic studies of, 303 
differential diagnosis of, 26t, 302-303 
vs. multilocular cystic renal cell carcinoma, 
238 
vs. tubulocystic carcinoma, 259 
gross pathology of, 300 
histopathology of, 300, 302f 
incidence and demographics of, 300-303 
localization and clinical manifestations of, 300 
treatment and prognosis for, 303 
Mixed germ cell tumor, 310 
MKS. See Meckel-Gruber syndrome (MKS). 
MKS1, in Meckel-Gruber syndrome, 29 
MKS2, in Meckel-Gruber syndrome, 29 
MKS3, in Meckel-Gruber syndrome, 29 
MLC-RCC. See Multilocular cystic renal cell 
carcinoma (MLC-RCC). 
Molar tooth sign (MTS), 30 
Monoclonal IgG deposits, proliferative 
glomerulonephritis with, 107t 
Monoclonal immunoglobulin deposition disease 
(MIDD), 92-93 
clinical manifestations of, 92 
differential diagnosis of, 93 
vs. amyloidosis, 90-91 
histopathology of, 92-93, 92f 
immunofluorescence for, 92-93, 93f 
incidence and demographics of, 92-93 
mesangial alterations in, 53t 
prognosis and treatment for, 93 
subtypes of, 92 
ultrastructure of, 93, 93f-94f 
Monotypic epithelioid malignant 
angiomyolipoma, 276 
Morcellated nephrectomy specimen, 204b, 206 
pathologic evaluation of, 206 
MPGN. See Membranoproliferative 
glomerulonephritis (MPGN). 
MPNs. See Myeloproliferative neoplasm(s) 
(MPNs). 
MSK. See Medullary sponge kidney (MSK). 
MST (metanephric stromal tumor), 224 


mTOR (mammalian target of rapamycin) 
inhibitors, for autosomal dominant 
polycystic kidney disease, 21 
MTS (molar tooth sign), 30 
Mucinous tubular spindle cell carcinoma 
(MTSCCa), 299-300 
ancillary diagnostic studies of, 300 
cytogenetic alterations in, 213t 
differential diagnosis of, 300 
genetics of, 300 
gross pathology of, 300, 301f-302f 
histopathology of, 300, 301f-302f 
incidence and demographics of, 299-300 
localization and clinical manifestations of, 299 
treatment and prognosis for, 300 
Mucocutaneous lymph node syndrome. See 
Kawasaki disease (KD). 
Mucosa-associated lymphoid tissue (MALT) 
lymphoma, 330-331, 331t, 332f 
Muddy brown casts, in acute tubular necrosis, 
143-145, 145f 
Multicentric renal disease, and nephroblastoma, 
216 
Multicystic dysplastic kidney (MCDK) 
clinical manifestations of, 27 
differential diagnosis of, 21t, 26t, 27 
histopathology of, 27, 28f-29f 
incidence and demographics of, 27 
pathogenesis of, 27-28 
prognosis and treatment for, 27-28 
radiographic and gross features of, 27, 28f 
Multicystic kidney disease, defined, 16b 
Multicystic renal dysplasia 
clinical manifestations of, 27 
differential diagnosis of, 21t, 26t, 27 
histopathology of, 27, 28f-29f 
incidence and demographics of, 27 
pathogenesis of, 27-28 
prognosis and treatment for, 27-28 
radiographic and gross features of, 27, 28f 
Multilocular cystic renal cell carcinoma 
(MLC-RCC), 236-238 
ancillary diagnostic studies for, 238, 238f 
differential diagnosis of, 26t, 237-238, 238f 
vs. tubulocystic carcinoma, 259 
genetics of, 238 
gross pathology of, 236 
histologic variants and grading of, 237 
histopathology of, 236-237, 236f-237f 
focal hobnailing in, 236-237, 237f 
nests of clear cells in, 236-237, 237f 
incidence and demographics of, 236 
localization and clinical manifestations of, 236 
radiologic features of, 236 
treatment and prognosis for, 238 
Multiple malformations syndromes, renal cystic 
disease in, 28-32 
Joubert syndrome as, 30-32 
clinical manifestations of, 31-32 
incidence and demographics of, 31 
pathogenesis and genetics of, 31, 31t 
prognosis and treatment for, 32 
Meckel-Gruber syndrome as, 29-30 
clinical manifestations of, 29 
differential diagnosis of, 30, 30b 
histopathology of, 30, 30f 
incidence and demographics of, 29 
pathogenesis and genetics of, 29 
prognosis and treatment for, 30 
radiographic and gross features of, 29, 29f 
Multiple myeloma, tubulointerstitial disease due 
to, 149 
light-chain cast nephropathy as, 149-150 
light-chain Fanconi syndrome as, 150 
Mycobacterial infections, granulomatous 
interstitial nephritis due to, 134t, 135 


Mycobacterium tuberculosis, granulomatous 
interstitial nephritis due to, 134t, 
135 
Myeloma 
interstitial, 149, 149f 
multiple. See Multiple myeloma. 
Myeloma cast nephropathy. See Light-chain cast 
nephropathy (LCCN). 
Myeloma kidney. See Light-chain cast 
nephropathy (LCCN). 
Myeloproliferative neoplasm(s) (MPNs), 
sclerosing extramedullary 
hematopoietic tumor in, 154-156 
clinical manifestations of, 154-156 
differential diagnosis of, 154-156 
histopathology of, 154, 155f 
Myeloproliferative neoplasm (MPN)-related 
glomerulopathy, 154, 155f 
Myoglobin, acute tubular necrosis due to, 144, 
144f-145f 
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Nail-patella syndrome, 9, 121-123 
clinical manifestations of, 122 
differential diagnosis of, 122-123 
etiology and pathogenesis of, 122 
histopathology of, 122, 122f 
incidence and demographics of, 122-123 
prognosis and treatment for, 123 
synonyms for, 122 
Napsin A, in renal neoplasms, 204t, 209, 210f 
Necrotizing and crescentic glomerulonephritis 
(NCGN) 
capillary wall alterations in, 52t 
immune complex-mediated, differential 
diagnosis of, 100t 
pauci-immune, 100-103 
clinical presentation of, 101 
differential diagnosis of, 100t, 103 
electron microscopy of, 102 
etiology and pathogenesis of, 101 
histopathology of, 101-102 
chronic lesions in, 102, 102f 
glomerular tuft necrosis and crescent 
formation in, 101-102, 101f-102f 
necrotizing arteritis in, 102, 103f 
tubulointerstitial compartment in, 102 
immunofluorescent examination of, 102 
prognosis and treatment for, 102-103 
segmental lesions in, 54t 
Needle core biopsy, 204b, 205 
Neoplasms, renal. See Renal neoplasms. 
Nephrectomy specimens, 205-207 
morcellated, 204b, 206 
pathologic evaluation of, 206 
partial, 204b, 205-206 
advantage of, 205 
indications for, 205, 205b 
practical considerations with, 205-206 
radical, 204b, 206-207 
Gerota’s fascia in, 206-207, 206f 
key relationships to node in, 206 
of non-neoplastic kidney, 207 
pediatric, 204b, 207 
sections to submit from, 207, 207b 
tumor banking with, 207 
tumor grading with, 207 
Nephric duct 
formation of, 4 
stimulation of ureteric bud outgrowth from, 
6-7 
Nephritis 
hereditary, normal glomeruli in early, 52t 
lupus, 84-88 
advanced sclerotic, 85t 
in antiphospholipid syndrome, 87, 87f 
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Nephritis (Cont.) 
lupus (cont.) 
classification of, 85, 85t 
clinical manifestations of, 84-85, 85t 
differential diagnosis of, 88, 88f, 88t 
vs. IgA nephropathy, 71t 
vs. immunotactoid glomerulonephritis, 
107t 
vs. membranoproliferative 
glomerulonephritis, 74t 
diffuse, 85t, 86, 87f 
focal, 85t, 86, 86f 
histopathology of, 85-88 
incidence and demographics of, 84 
membranous, 85t, 86, 87f 
mesangial alterations in, 53t 
mesangial and capillary alterations in, 53t 
mesangial proliferative, 85t, 86, 86f 
minimal mesangial, 85t, 86, 86f 
morphologic patterns of glomerular injury 
in, 86-87 
natural history of, 86-87 
prognosis and treatment for, 88 
in renal allograft recipient, 200 
segmental lesions in, 54t 
tubulointerstitial disease in, 87-88 
tubulointerstitial injury due to, 132f 
membranous. See Membranous nephropathy. 
tubulointerstitial (interstitial), 127-130 
acute, 128-129 
drug-induced, 129, 129f, 129t 
infectious, 128, 129f 
chronic, 129-130, 130f 
granulomatous, 134-135, 134t 
drug-induced, 134-135, 135f 
due to fungal infections, 135, 135f 
due to mycobacterial infections, 135 
due to sarcoidosis, 135, 136f 
immune-mediated, 130-134 
anti- TBM-associated, 130 
in connective tissue diseases, 131-132 
hypocomplementemic, 131 
IgG4-related, 132-133 
in Sjogren syndrome, 130 
in tubulointerstitial nephritis—uveitis 
syndrome, 133-134 
morphologic clues in, 128, 128t 
Nephroangiosclerosis. See Nephrosclerosis, 
hypertensive (benign). 
Nephroblastic tumors, in children, 216b 
Nephroblastoma, 215-221 
botryoid, 217 
clinical course and outcome of, 220-221 
clinical presenting features of, 217 
cystic partially differentiated, 221-222, 222f 
differential diagnosis of, 26t 
cytogenetic alterations in, 213t 
defined, 215 
epidemiology of, 215-221 
genetic basis for, 8, 215, 216t 
immunophenotypic features of, 220 
metastatic, 218, 220f 
morphologic effects of therapy on, 220 
pathogenesis of, 215-216, 216t 
familial predisposition in, 216 
nephrogenic rests and multicentric renal 
disease in, 216 
WTI in, 215-216, 216t 
WT2 in, 216, 216t 
pathologic features of, 217-220 
macroscopic, 217, 217f 
microscopic, 217-218, 218f-219f 
anaplasia as, 218, 220b 
blastema as, 217, 218f 
epithelial component as, 217-218, 218f 
nuclear unrest as, 218 


Nephroblastoma (Cont.) 
pathologic features of (cont.) 
microscopic (cont.) 
as prognostic factor, 218, 219f, 220b 
stromal component as, 218, 219f 
staging of, 217, 217t 
syndromes associated with, 216t 
Nephroblastomatosis, 221 
diffuse hyperplastic perilobar, 221 
Nephrogenic adenofibroma, 224 
Nephrogenic rests, 221 
clinical features of, 221 
defined, 221 
dormant, 221 
epidemiology of, 221 
hyperplastic, 221 
incipient, 221 
intralobar, 221 
and nephroblastoma, 216 
obsolescent, 221 
pathologic features of, 221 
perilobar, 221, 221f 
Nephroma 
cystic, 300-303 
ancillary diagnostic studies of, 303 
differential diagnosis of, 26t, 302-303 
gross pathology of, 300 
histopathology of, 300, 302f 
incidence and demographics of, 300-303 
localization and clinical manifestations of, 
300 
treatment and prognosis for, 303 
mesoblastic, 222-223 
clinical features of, 223 
cytogenetic alterations in, 213t 
pathologic features of, 222-223, 222f 
Nephron(s) 
anatomy of, 10, 11f 
collecting duct in, 11f, 13-14, 13f 
connecting tubule in, 11f, 13-14 
distal convoluted tubule in, 11f-13f, 12-14 
loop of Henle in, 11f, 12 
proximal tubules in, 11-12, 11f-13f 
renal corpuscle in, 10-11, 12f 
cortical, 11f 
defined, 16b 
development of, 3, 4f 
function of, 10 
juxtamedullary, 11f 
Nephronophthisis (NPHP), 32-34 
clinical manifestations of, 33 
differential diagnosis of, 21t, 34 
histopathology of, 33-34, 34f 
incidence and demographics of, 32-33 
pathogenesis and genetics of, 31t, 32-34 
prognosis and treatment for, 34 
radiographic and gross features of, 33 


Nephron-sparing surgery, for clear cell renal cell 


carcinoma, 235 
Nephropathy 
analgesic, 138-139, 138f 
Balkan endemic, 136-137 
BK virus, in renal allograft recipient, 197 
Clq, differential diagnosis of, 71t 
Chinese herb, 136-137 
chronic allograft, 191 
diabetic, 81-88 
biopsy of, 49-50, 50f 
classification of, 82, 82t 
clinical manifestations of, 81-82 
differential diagnosis of, 84, 84t 
vs. amyloidosis, 90-91 
histopathology of, 82-83 
eosinophilic hyaline capsular drop in, 
82-83, 83f 
Kimmelstiel-Wilson nodules in, 82, 82f 


Nephropathy (Cont.) 


diabetic (cont.) 
histopathology of (cont.) 
mesangial alterations in, 53t 
mesangial sclerosis in, 82, 82f, 84f 
microaneurysms and mesangiolysis in, 
82-83, 82f 
tubular atrophy in, 83, 83f 
vascular alterations in, 83, 83f 
historical background of, 81 
immunofluorescent staining for, 83 
incidence and demographics of, 81 
prognosis and treatment for, 84 
in renal allograft recipient, 200 
synonyms for, 81 
ultrastructural changes in, 83, 84f 


familial juvenile hyperuricemic, 32 
heavy metal, 146-147 


due to cadmium, 146-147 
due to chromium, 147 
due to copper, 147 

due to lead, 147 

due to mercury, 147 


HIV-associated, 95-98 


clinical manifestations of, 96 
differential diagnosis of, 96-97 
electron microscopy of, 96, 97f 
histopathology of, 96 
collapsing glomerulopathy in, 96, 97f 
tubulointerstitial changes in, 96, 97f 
historical background of, 95-96 
immunofluorescence of, 96 
incidence and demographics of, 96 
prognosis and treatment for, 97-98 
IgA, 67-71 
classification of, 69, 70t 
clinical manifestations of, 68 
crescentic, 68-69, 69f 
differential diagnosis of, 70, 71t, 74t 
vs. lupus nephritis, 88t 
electron microscopy of, 70, 71f 
with endocapillary proliferation, 68-69, 69f 
etiology and pathogenesis of, 67-68 
familial, 68 
histopathology of, 68-70, 68b 
immunofluorescence studies of, 70, 70f 
incidence and demographics of, 67 
with intratubular red blood cell casts, 68-69, 
68f 
mesangial alterations in, 53t 
mesangioproliferative, 68-69, 69f 
necrotizing, 68-69 
with no or minimal glomerular 
abnormalities, 68-69 
prognosis and treatment for, 70-71 
in renal allograft recipient, 199 
with segmental sclerosing lesions, 68-69, 69f 
IgM 
differential diagnosis of, 71t 
mesangial alterations in, 53t 
light-chain cast (myeloma cast), 149-150 
clinical manifestations of, 150 
histopathology of, 150, 150f-151f 
immunofluorescence studies of, 150, 152f 
synonyms for, 149 
membranous, 64-67 
biopsy of, 49-50, 51f 
clinical manifestations of, 65 
differential diagnosis of, 66 
vs. lupus nephritis, 88t 
early 
vs. lupus nephritis, 88t 
normal glomeruli in, 52t 
etiology and pathogenesis of, 64-65, 65f 
histopathology of, 65-66, 65f-66f 
immunofluorescence staining of, 65, 66f 
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Nephropathy (Cont.) 
membranous (cont.) 
incidence and demographics of, 64 
prognosis and treatment for, 67 
in renal allograft recipient, 199 
secondary causes of, 64, 64b 
synonyms for, 64 
ultrastructural stages of, 66, 67t 
ultrastructure of, 66, 66f 
oxalate, 147-149 
clinical manifestations of, 148-149 
etiology of, 147-148 
histopathology of, 148, 148f 
prognosis and treatment for, 148-149 
phosphate, 143, 145-146 
clinical manifestations of, 145-146 
differential diagnosis of, 146, 147f 
histopathology of, 146, 146f 
treatment and prognosis for, 146 
protease inhibitor-related, 137, 137f 
reflux, 140-141 
clinical manifestations of, 140-141 
gross pathology of, 140, 140f 
histopathology of, 140-141 
radiologic features of, 140 
treatment and prognosis for, 141 
thin glomerular basement membrane, 
113-115 
clinical manifestations of, 113 
differential diagnosis of, 114-115 
etiology and pathogenesis of, 113 
histopathology of, 113-114, 114f 
incidence and demographics of, 113-115 
prognosis and treatment for, 115 
synonyms for, 113 
Nephrosclerosis 
defined, 161 
hypertensive (benign), 159-162 
clinical manifestations of, 159-160 
differential diagnosis of, 161 
electron microscopy of, 161, 162f 
gross pathology of, 160, 160f 
histopathology of, 160-161, 160f-161f 
immunofluorescent findings in, 160-161, 
161f 
incidence and demographics of, 159 
mesangial alterations in, 53t 
prognosis and treatment for, 162 
synonyms for, 159 
Nephrosis, lipoid. See Minimal change disease 
(MCD). 
Nephrotic syndrome, hereditary, 124 
Nephrotoxicity 
acute tubular necrosis due to, 143-145 
calcineurin inhibitor, 161 
heavy metal, 146-147 
due to cadmium, 146-147 
due to chromium, 147 
due to copper, 147 
due to lead, 147 
due to mercury, 147 
lithium, 136, 136f 
oxalate, 147-149 
phosphate, 145-146 
Neuroblastoma-associated renal cell carcinoma, 
224, 298-299 
ancillary diagnostic studies of, 299 
differential diagnosis of, 299 
vs. papillary renal cell carcinoma, 242 
genetics of, 299 
histopathology of, 299, 299f 
incidence and clinical manifestations of, 
298-299 
radiologic features and gross pathology of, 
299 
treatment and prognosis for, 299 


Neuroendocrine carcinoma, 308-309 
ancillary diagnostic studies of, 309 
differential diagnosis of, 309 
genetics of, 309 
histopathology of, 309, 309f 
incidence and demographics of, 309 
localization and clinical manifestations of, 
309 
radiographic features and gross pathology of, 
309 
treatment and prognosis for, 309 
Neurofibromatosis type 1, nephroblastoma in, 
216t 
Neutrophilic tubulitis, in acute pyelonephritis, 
139-140, 140f 
Nil disease. See Minimal change disease 
(MCD). 
Nocardia, granulomatous interstitial nephritis due 
to, 135 
Nodular diabetic nephropathy. See Diabetic 
nephropathy. 
Nodular glomerulosclerosis, idiopathic, 84, 84t 
Nodular mesangial sclerosis 
in diabetic nephropathy, 82, 82f, 84f 
differential diagnosis of, 84, 84t 
Nonepithelial renal neoplasms, 269-290 
angiomyolipoma as, 269-273 
epithelioid, 273-276 
angiosarcoma as, 285-286 
hemangioma as, 280-281 
hemangiopericytoma as, 284-285 
leiomyoma, 279-280 
leiomyosarcoma as, 283-284 
lymphangioma as, 278-279 
malignant fibrous histiocytoma as, 288 
osteosarcoma as, 288 
primary neuroectodermal tumor/Ewing 
sarcoma as, 287-288 
schwannoma as, 276-278 
solitary fibrous tumor as, 282-283 
synovial sarcoma as, 286-287 
NONO-TFE3 gene fusion, tumors associated with, 
292t, 294 
Nonsteroidal anti-inflammatory drugs (NSAIDs), 
acute interstitial nephritis due to, 129, 
129t 
NPHP. See Nephronophthisis (NPHP). 
NPHS1 gene, in congenital nephrotic syndrome, 
Finnish type, 124 
NPHS2 gene 
in focal segmental glomerulosclerosis, 124 
in minimal change disease, 124 
NSAIDs (nonsteroidal anti-inflammatory drugs), 
acute interstitial nephritis due to, 129, 
129t 
Nuclear unrest, in nephroblastoma, 218 
Numeration FISH, of renal neoplasms, 212, 
212f 


(0) 


Occlusive thromboaortopathy. See Takayasu 
arteritis (TA). 
Ochratoxin A (OA), Balkan endemic nephropathy 
due to, 136 
OCT (optimal cutting temperature) compound, 
for biopsy specimen, 49 
Oligomeganephronia, 16 
Oligonephronic hypoplasia, 16 
Oncocytic tumors 
hybrid, 294t, 296-298, 298f 
not further classifiable, 264, 264f-265f 
Oncocytoma, 262-265 
ancillary diagnostic studies for, 264-265 
differential diagnosis of, 264, 264f-265f 
genetics of, 265 
histologic variants and grading of, 264 


Oncocytoma (Cont.) 
histopathology of, 262-264 
eosinophilic cytoplasm in, 262, 263f 
foci of bone and calcification in, 262-264, 264f 
hyperchromatic nuclei in, 262-264, 263f 
nests and acini in, 262, 262f 
oncoblasts in, 262-264, 263f 
pleomorphic nuclei in, 262-264, 263f 
with trabecular growth pattern, 262, 262f 
with tubulocystic appearance, 262, 262f 
uniform tumor cells in, 262, 263f 
uniform tumor nuclei in, 262, 263f 
immunohistochemistry of, 204t, 234t, 265 
low-molecular weight cytokeratin in, 208, 
208f 
incidence and demographics of, 262-265 
localization and clinical manifestations of, 262 
radiologic features and gross pathology of, 262 
treatment and prognosis for, 265 
Oncocytomatosis, 264 
Oncocytosis, renal, 264 
Onion skin pattern, in metanephric stromal 
tumor, 224 
Optimal cutting temperature (OCT) compound, 
for biopsy specimen, 49 
Oral sodium phosphate solution (OSPS), acute 
phosphate nephropathy due to, 143, 
145-146 
Ossifying renal tumor of infancy, 223 
Osteo-onychodysplasia, hereditary. See 
Nail-patella syndrome. 
Osteosarcoma, 288 
Österreicher-Turner syndrome. See Nail-patella 
syndrome. 
Oval fat bodies, 58-59 
Oxalate nephropathy, 147-149 
clinical manifestations of, 148-149 
etiology of, 147-148 
histopathology of, 148, 148f 
prognosis and treatment for, 148-149 


P 


P5048, in renal neoplasms, 204t, 209, 210f 
PAN. See Polyarteritis nodosa (PAN). 
Papillary necrosis, 137-139 
due to analgesic nephropathy, 138-139, 138f 
clinical manifestations of, 138 
gross pathology of, 138, 138f 
histopathology of, 137-138, 138f 
incidence and demographics of, 137-138 
Papillary renal adenoma (PRA), 260-262 
ancillary diagnostic studies for, 261 
differential diagnosis of, 261 
genetics of, 261 
histopathology of, 261, 261f 
incidence and demographics of, 260-262 
localization and clinical manifestations of, 261 
radiologic features and gross pathology of, 261 
treatment and prognosis for, 262 
Papillary renal cell carcinoma (PRCC), 238-244 
ancillary diagnostic studies for, 243, 244f 
cytogenetic alterations in, 213t, 243 
differential diagnosis of, 241-242, 243f 
vs. clear cell renal cell carcinoma, 232 
genetics of, 243-244 
grading of, 240 
gross pathology of, 238-239 
hereditary, 294t, 295-296 
histologic variants of, 240-241 
type 1, 240 
with cholesterol cleft, 240, 241f 
with foamy macrophages, 240, 240f-241f 
with papillae, 240, 240f 
with tubulopapillary architecture, 240, 
241f-242f 
type 2, 241, 242f-243f 
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Papillary renal cell carcinoma (PRCC) (Cont.) 
histopathology of, 239-240 
with foamy histiocytes, 239-240, 239f 
with hemorrhage, 239-240, 239f 
with tubulopapillary architecture, 239-240, 
239f 
immunohistochemistry of, 204t, 243, 244f 
carbonic anhydrase 9 in, 209, 210f 
napsin A in, 209, 210f 
P504S in, 209, 210f 
incidence and demographics of, 238-244 
localization and clinical manifestations of, 238 
radiologic features of, 238-239 
sarcomatoid dedifferentiation in, 256f 
treatment and prognosis for, 235t, 244 
Papilloma, inverted, 313-317 
ancillary diagnostic studies of, 316-317 
differential diagnosis of, 314-316 
vs. low-grade urothelial carcinoma, 314-315, 
315f-317f, 316t 
vs. proliferative pyelitis, 314-315, 315f 
vs. pyelitis cystica et glandularis, 314-315, 
315f 
genetics of, 317, 318f 
glandular variant of, 314, 314f 
histopathology of, 314, 314f 
incidence and demographics of, 313-317 
localization and clinical manifestations of, 
313-314 
pseudoglandular variant of, 314, 314f 
radiologic features and gross pathology of, 314 
treatment and prognosis for, 317 
Paradoxical maturation, urothelial carcinoma 
with, 315-316, 316f 
Paraganglioma, 307 
differential diagnosis of, 307 
genetics of, 307 
hereditary, and renal cell carcinoma, 294t 
histopathology of, 307 
incidence and demographics of, 307 
localization and clinical manifestations of, 307 
radiographic features and gross pathology of, 
307 
treatment and prognosis for, 307 
Paraprotein-associated renal diseases, 88 
amyloidosis as, 88-92 
anti-GBM antibody—mediated disease as, 
98-100 
cryoglobulinemia as, 93-103 
HIV-associated nephropathy as, 95-98 
monoclonal immunoglobulin deposition 
disease as, 92-93 
pauci-immune necrotizing and crescentic 
glomerulonephritis as, 100-103 
Paraxial mesoderm, in renal development, 1-2, 2f 
Parietal epithelium, 10-11, 12f 
Parotid gland adenoid cystic carcinoma, 
metastatic to kidney, 337f 
Pars convoluta, of proximal tubule, 11, 13f 
Pars recta, of proximal tubule, 11, 13f 
Partial nephrectomy specimen, 204b, 205-206 
advantage of, 205 
indications for, 205, 205b 
practical considerations with, 205-206 
PAS (periodic acid-Schiff) stain, of biopsy 
specimen, 49 
Pauci-immune necrotizing and crescentic 
glomerulonephritis, 100-103 
clinical presentation of, 101 
differential diagnosis of, 100t, 103 
electron microscopy of, 102 
etiology and pathogenesis of, 101 
histopathology of, 101-102 
in chronic lesions, 102, 102f 
glomerular tuft necrosis and crescent 
formation in, 101-102, 101f-102f 


Pauci-immune necrotizing and crescentic 
glomerulonephritis (Cont.) 
histopathology of (cont.) 
necrotizing arteritis in, 102, 103f 
tubulointerstitial compartment in, 102 
immunofluorescent examination of, 102 
prognosis and treatment for, 102-103 
in renal allograft recipient, 200 
Pax2 
in renal development, 5-6, 6t 
in renal neoplasms, 204t, 209 
Pax8 
in renal development, 5-6 
in renal neoplasms, 204t, 208 
PC] (polycystin-1), in autosomal dominant 
polycystic kidney disease, 17 
PC2 (polycystin-2), in autosomal dominant 
polycystic kidney disease, 17 
Pediatric. See under Children. 
Pediatric radical nephrectomy specimen, 204b, 
207 
Pedicels, 11, 12f 
Percutaneous renal biopsy 
alternatives to, 48 
complications of, 48 
history of, 47 
indications and contraindications for, 47 
techniques of, 47-48 
Periglomerular fibrosis, 33-34 
Perihilar variant, of focal segmental 
glomerulosclerosis, 62t, 63, 63f 
Perilobar nephrogenic rests (PLNR), 221, 221f 
Perimedial fibroplasia 
histopathology of, 168-169, 168t, 169f 
radiologic features of, 168, 168t 
Perinephric hematomas, due to percutaneous 
renal biopsy, 48 
Periodic acid-Schiff (PAS) stain, of biopsy 
specimen, 49 
Peripheral T-cell lymphoma (PTCL), 331t 
Peritubular capillaries, in acute antibody- 
mediated rejection, 188-189, 189f, 190t 
Peritubular capillary mononuclear cells, chronic 
allograft injury due to, 194t 
Peritubular capillary network, 10, 10f 
Perlman syndrome, nephroblastoma in, 216t, 217 
PH (primary hyperoxaluria), 148 
in renal allograft recipient, 200, 200f 
Phacomatoses, 17b 
Phosphate nephropathy, 143, 145-146 
clinical manifestations of, 145-146 
differential diagnosis of, 146, 147f 
histopathology of, 146, 146f 
treatment and prognosis for, 146 
PKD1, in autosomal dominant polycystic kidney 
disease, 17, 18t 
PKD2, in autosomal dominant polycystic kidney 
disease, 17, 18t 
PKHD1, in autosomal recessive polycystic kidney 
disease, 18t, 22-24 
Pleura, epithelioid angiomyolipoma metastatic to, 
273, 273f-274£ 
PLNR (perilobar nephrogenic rests), 221, 221f 
Pluricystic kidney, 28-29 
PNET. See Primitive neuroectodermal tumor 
(PNET). 
Podocytes, 11, 12f 
normal histologic appearance of, 58f 
ultrastructure of, 57-58, 58f 
Podocytopathies, 124 
Polyangiitis, microscopic, 100t 
Polyarteritis nodosa (PAN), 171-172 
clinical manifestations of, 171 
differential diagnosis of, 100t, 171t, 172 
histopathology of, 172, 172f 
incidence and demographics of, 171 


Polyarteritis nodosa (PAN) (Cont.) 
prognosis and treatment for, 172 
radiologic features of, 171 

Polycystic kidney disease 
autosomal dominant, 17-22 

in adults and older children, 18-21 
clinical manifestations of, 19 
differential diagnosis of, 20, 21t, 26t, 37 
gross features of, 19, 19f-20f 
histopathology of, 20, 20f 
incidence and demographics of, 18 
prognosis and treatment for, 21 
radiographic features of, 19, 19f 
with renal cell carcinoma, 19, 20f 

genetics of, 17, 18t 

in infants, 21-22 
clinical manifestations of, 22 
differential diagnosis of, 22 
histopathology of, 22 
incidence and demographics of, 22 
prognosis and treatment for, 22 
radiographic and gross features of, 22 

in TSC2/PKD1 contiguous gene syndrome, 
22 
autosomal recessive, 22-24 

clinical manifestations of, 23 

differential diagnosis of, 21t, 24 
vs. glomerulocystic kidney, 37 

histopathology of, 24, 25f 

incidence and demographics of, 23 

molecular diagnosis for, 24 

pathogenesis and genetics of, 18t, 22-24 

prognosis and treatment for, 24 

radiographic and gross features of, 23-24, 

23f-24f 
classification of, 17b 
defined, 16b 
Polycystin-1 (PC1), in autosomal dominant 
polycystic kidney disease, 17 
Polycystin-2 (PC2), in autosomal dominant 
polycystic kidney disease, 17 
Polyductin, in autosomal recessive polycystic 
kidney disease, 22-23 

Polyoma virus 

in renal allograft recipient, 196-198 
differential diagnosis of, 194t, 198 
histopathology of, 197, 197f 
immunohistochemistry and in situ 

hybridization for, 197, 197f 
ultrastructure of, 197, 198f 

urine cytology in, 197, 198f 

tubulointerstitial injury due to, 143f 

Postinfectious glomerulonephritis, 74-78 
in adults, 76-77 
clinical presentation of, 75 
differential diagnosis of, 71t, 74t, 77 
electron microscopy of, 76, 77f 
etiology and pathogenesis of, 75 
histopathology of, 75-77, 76f 
immunofluorescent staining for, 76, 76f 
incidence and demographics of, 74-75 
mesangial alterations in, 53t 
mesangial and capillary alterations in, 53t 
prognosis and treatment for, 77-78 

Poststreptococcal glomerulonephritis. See 

Postinfectious glomerulonephritis. 

Post-transplant lymphoproliferative disorder 

(PTLD) 

clinical manifestations of, 195 

differential diagnosis of, 195-196 

histopathology of, 195, 195f 
monomorphic, 195, 195f 

pathogenesis of, 195 

polymorphic, 195, 195f 

Potter, Edith L., 15-16 

PRA. See Papillary renal adenoma (PRA). 
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PRCC. See Papillary renal cell carcinoma (PRCC). 

PRCC-TFE3 gene fusion, tumors associated with, 
292, 292t, 294 

Precalyceal canalicular ectasia. See Medullary 
sponge kidney (MSK). 

Precursor B-lymphoblastic lymphoma, 334f 

Prehypertension, 159-160 

Primary hyperoxaluria (PH), 148 

in renal allograft recipient, 200, 200f 

Primitive neuroectodermal tumor (PNET), 

287-288 
ancillary diagnostic studies of, 287-288 
cytogenetic alterations in, 213t 
differential diagnosis of, 287 
histopathology of, 287, 287f 
incidence and demographics of, 287-288 
radiologic features and gross pathology of, 287 
treatment and prognosis for, 288 

Primordial cells, origin of, 1-2, 2f 

Principal cells, 13-14, 13f 

Progressive lipodystrophy. See Acquired partial 
lipodystrophy (APL). 

Proliferative glomerulonephritis, with monoclonal 
IgG deposits, vs. immunotactoid 
glomerulonephritis, 107t 

Proliferative pyelitis, vs. inverted papilloma, 
314-315, 315f 

Pronephric kidney, 2, 3f 

Prostate adenocarcinoma, metastatic to kidney, 
335, 338f 

Protease inhibitor-related nephropathy, 137, 137f 

Protomer, in Alport syndrome, 115 

Proximal convoluted tubule 

anatomy of, 11, 13f 
development of, 3, 4f 
Proximal tubule 
anatomy of, 11-12, 11f-13f 
development of, 5f 
function of, 11-12 
in renal biopsy interpretation, 50-51, 51f 

PSF-TFE3 gene fusion, tumors associated with, 
292t, 294 

PTCL (peripheral T-cell lymphoma), 331t 

PTLD. See Post-transplant lymphoproliferative 
disease (PTLD). 

Pulseless disease. See Takayasu arteritis (TA). 

Purpura 

Henoch-Schénlein, 68, 100t 

thrombotic thrombocytopenic, 107-109 
classification of, 107 
clinical manifestations of, 107 
congenital, 107 
differential diagnosis of, 107 
histopathology of, 107 
idiopathic, 107 
incidence and demographics of, 107 
nonidiopathic, 107 
prognosis and treatment for, 107-108 

Pus casts, in acute pyelonephritis, 139-140, 140f 

pVHL, in renal neoplasms, 204t, 209 

Pyelitis 

cystica et glandularis, vs. inverted papilloma, 
314-315, 315f 

proliferative, vs. inverted papilloma, 314-315, 
315f 

Pyelonephritis 

acute, 128, 139-140 

chronic and focal, 140-141, 141f 

clinical manifestations of, 139 

etiology of, 139 

gross pathology of, 139, 139f 

histopathology of, 128, 129f, 139-140, 
139f-140f 

incidence and demographics of, 139-140 

nonobstructive, 139 

obstructive, 139 


Pyelonephritis (Cont.) 

acute (cont.) 
treatment and prognosis for, 140 
uncomplicated, 128 

chronic, 140-141 
clinical manifestations of, 140-141 
and focal acute, 140-141, 141f 
gross pathology of, 140, 140f 
histopathology of, 140-141, 141f 
radiologic features of, 140 
thyroidization in, 140-141, 141f 
treatment and prognosis for, 141 

xanthogranulomatous, 141-142, 142f 


R 


Racemase, in renal neoplasms, 204t, 209, 210f 
Radical nephrectomy specimen, 204b, 206-207 
Gerota’s fascia in, 206-207, 206f 
key relationships to node in, 206 
of non-neoplastic kidney, 207 
pediatric, 204b, 207 
sections to submit from, 207, 207b 
tumor banking with, 207 
tumor grading with, 207 
RAML. See Renal angiomyolipoma (RAML). 
Rapamycin, for autosomal dominant polycystic 
kidney disease, 21 
Rapidly progressive glomerulonephritis (RPGN), 
98-100 
RAS. See Renal artery stenosis (RAS). 
RCC. See Renal cell carcinoma (RCC). 
Reflux nephropathy, 140-141 
clinical manifestations of, 140-141 
gross pathology of, 140, 140f 
histopathology of, 140-141 
radiologic features of, 140 
treatment and prognosis for, 141 
Rejection. See Allograft rejection. 
Renal agenesis 
bilateral, 8, 15 
unilateral, 8, 15-16 
Renal allograft. See Kidney transplantation. 
Renal anatomy, 9-14 
gross, 9, 9f 
microscopic, 10-14 
of distal nephron, 11f-13f, 12-14 
of loop of Henle, 11f, 12 
of nephron, 10, 11f 
of proximal tubules, 11-12, 11f-13f 
of renal corpuscle, 10-11, 12f 
renal circulation in, 9-10, 10f 
Renal angiomyolipoma (RAML), 269-273 
ancillary diagnostic studies for, 271-272 
atypical, 270 
differential diagnosis of, 272 
epithelioid, 273-276 
histopathology of, 273, 273f 
with abundant eosinophilic cytoplasm, 
274-276, 274£-275f 
with eccentrically placed pleomorphic 
nuclei, 274-276, 274f-275f 
with multinucleated giant cells, 274-276, 
275£ 
immunohistochemistry of, 274-276 
cytokeratin in, 274-276, 277f 
HMB.-45 in, 274-276, 275f-276f 
smooth muscle actin in, 274-276, 276f 
metastatic, 273, 273f-274f 
monotypic malignant, 276 
genetics of, 272 
gross pathology of, 270 
histopathology of, 270 
fat poor, 270, 271f-272f 
with pinwheel pattern, 270, 271f 
spindle cells in, 270, 271f 
typical features in, 270, 270f 


Renal angiomyolipoma (RAML) (Cont.) 
incidence and demographics of, 269-273 
localization and clinical manifestations of, 

269 
radiologic features of, 269-270 
treatment and prognosis for, 272-273 
tuberous sclerosis complex-associated, 42, 42f, 
272 
ultrastructural findings in, 272 

Renal artery, 9, 10f 
accessory, 8 

Renal artery stenosis (RAS), 165-167 
clinical manifestations of, 165-166, 165b 
critical, 165 
differential diagnosis of, 167 
gross pathology of, 166, 166f 
histopathology of, 166, 166f-167f 
incidence and demographics of, 165 
pathogenesis of, 165 
prognosis and treatment for, 167 
radiologic features of, 166 

Renal biopsy, 47-56 
complications of, 205 
fine-needle aspiration, 203, 204b 

importance of cell block in, 203-204, 204t 
interpretation of 
algorithm for, 51-55, 54f 
capillary wall alterations in, 52t 
mesangial alterations in, 53t 
mesangial and capillary wall alterations in, 
53t 
normal glomeruli in, 52t 
segmental lesions in, 54t 
example of, 55-56 
higher magnification in, 55, 55f 
immunofluorescent staining in, 55, 55f 
low magnification in, 55, 55f 
ultrastructure in, 55, 55f 
overview of, 49-51 
arteries and arterioles in, 51, 52f 
glomeruli in, 49-50, 50f-51f 
tubules in, 50-51, 51f 
needle core, 204b, 205 
percutaneous 
alternatives to, 48 
complications of, 48 
history of, 47 
indications and contraindications for, 47 
techniques of, 47-48 
tissue handling, fixation, and transport for, 48, 
48f 
tissue processing, cutting, and staining for, 49, 
49f 

Renal cell carcinoma (RCC) 
in acquired cystic kidney disease, 41-42 

clinical manifestations of, 41 

differential diagnosis of, 42, 42f 

histopathology of, 42, 42f 

incidence and demographics of, 41 

prognosis and treatment for, 42 

radiographic and gross features of, 41-42, 
4lf 


acquired cystic kidney disease-associated, 42, 
303, 304f 
associated with developmentally regulated 
genes, 8 
autosomal dominant polycystic kidney disease 
with, 19, 20f 
carbonic anhydrase 9 in, 209, 210f 
chromophobe, 246-250 
ancillary diagnostic studies of, 249-250 
cytogenetic alterations in, 213t 
differential diagnosis of, 249, 250f 
vs. clear cell renal cell carcinoma, 213t 
vs. oncocytoma, 264 
genetics of, 250 
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Renal cell carcinoma (RCC) (Cont.) 
clear cell papillary (tubulopapillary) (cont.) 


Renal cell carcinoma (RCC) (Cont.) 
papillary (cont.) 


Renal cell carcinoma (RCC) (Cont.) 
chromophobe (cont.) 


grading of, 249, 249t 
histologic variants of, 248-249 
eosinophilic, 248, 248f 
with sarcomatoid transformation, 248, 
249f, 255f 
histopathology of, 246-248 
with accentuated cell borders, 246-247, 
246f-247£ 
with fibrous bands, 246, 246f 
with irregular nuclear outlines, 246-247, 
247£ 
with “koilocytic” appearance, 246-247, 
248f 
with prominent nucleoli, 246-247, 247f 
with sheetlike growth pattern, 246, 246f 
vascular component in, 246, 246f 
immunohistochemistry of, 204t, 234t, 250 
incidence and demographics of, 246-250 
localization and clinical manifestations of, 
246 
radiologic features and gross pathology of, 
246 
treatment and prognosis for, 235t, 250 


clear cell, 227-235 


ancillary diagnostic studies for, 233-235, 
234t 
cytogenetic alterations in, 213t, 235 
differential diagnosis of, 232-233 
vs. chromophobe renal cell carcinoma, 
249 
vs. multilocular cystic renal cell 
carcinoma, 238, 238f 
familial, 294t, 295 
genetics of, 234t, 235 
gross pathology of, 228 
histologic variants of, 230-232 
histopathology of, 228-230 
with acinar pattern, 228-229, 229f-230f 
with alveolar growth pattern, 228-229, 
228f 
with eosinophilic cytoplasm, 230f, 231, 
232f-233f 
with eosinophilic granular cytoplasm, 
231-232, 232f-233f 
hemorrhage in, 229-230, 231f 
with nested growth pattern, 228-229, 
228f-230f 
nucleoli in, 229-230, 230f-231f 
processing effects on, 229-230, 230f 
with pseudopapillary and tubular growth 
patterns, 228-229, 230f 
with rhabdoid differentiation, 232, 234f 
with sarcomatoid features, 229-230, 231f, 
256f 
with solid growth pattern, 228-229, 229f 
typical, 228-229, 228f 
vascular network in, 228-229, 229f-230f 
incidence and demographics of, 227-235 
localization and clinical manifestations of, 
227 
radiologic features of, 227-228 
staging of, 235b 
treatment and prognosis for, 235, 235t 
clear cell papillary (tubulopapillary), 244-245 
in acquired cystic kidney disease, 42, 42f 
ancillary diagnostic studies for, 245 
differential diagnosis of, 245 
of end-stage kidneys, 303, 304f 
genetics of, 245 
histologic variants and grading of, 245 
histopathology of, 244-245, 244f-245f 
incidence and demographics of, 244-245 
localization and clinical manifestations of, 
244 


radiologic features and gross pathology of, 
244 
treatment and prognosis for, 245 
conventional 
cytogenetic alterations in, 213t 
immunohistochemistry of, 204t 
cytogenetic alterations in, 213t 
in end-stage renal disease, 303-304 
ancillary diagnostic studies of, 303 
differential diagnosis of, 303 
genetics of, 304 
histopathology of, 303, 303t, 304f 
incidence and demographics of, 303-304 
localization and clinical manifestations of, 
303 


radiographic features and gross pathology of, 


303 
treatment and prognosis for, 304 
familial (hereditary) syndromes of, 294-298, 
294t 
Birt-Hogg-Dube syndrome as, 294t, 
296-298, 298f 
with chromosome 3 translocations, 294t 
clear cell, 294t, 295 
familial papillary thyroid cancer as, 294t 
hereditary leiomyomatosis as, 294t, 296, 
297f 
vs. papillary renal cell carcinoma, 242 
hereditary paraganglioma as, 294t 
hyperparathyroidism-jaw tumor as, 294t 
papillary, 294t, 295-296 
tuberous sclerosis as, 294t, 296 


von Hippel-Lindau disease as, 294-295, 294t, 


295f 
grading of, 230-232, 232t 
granular, 228-229, 231, 232f 
hybrid, 294t, 296-298, 298f 
incidence and demographics of, 227 
multilocular cystic, 236-238 
ancillary diagnostic studies for, 238, 238f 
differential diagnosis of, 26t, 237-238, 238f 
vs. tubulocystic carcinoma, 259 
genetics of, 238 
gross pathology of, 236 
histologic variants and grading of, 237 
histopathology of, 236-237, 236f-237f 
focal hobnailing in, 236-237, 237f 
nests of clear cells in, 236-237, 237f 
incidence and demographics of, 236 
localization and clinical manifestations of, 
236 
radiologic features of, 236 
treatment and prognosis for, 238 
neuroblastoma-associated, 224, 298-299 
ancillary diagnostic studies of, 299 
differential diagnosis of, 299 
vs. papillary renal cell carcinoma, 242 
genetics of, 299 
histopathology of, 299, 299f 
incidence and clinical manifestations of, 
298-299 
radiologic features and gross pathology of, 
299 
treatment and prognosis for, 299 
papillary, 238-244 
ancillary diagnostic studies for, 243, 244f 
cytogenetic alterations in, 213t, 243 
differential diagnosis of, 241-242, 243f 
vs. clear cell renal cell carcinoma, 232 
genetics of, 243-244 
grading of, 240 
gross pathology of, 238-239 
hereditary, 294t, 295-296 
histologic variants of, 240-241 


histopathology of, 239-240 
with foamy histiocytes, 239-240, 239f 
with hemorrhage, 239-240, 239f 
with tubulopapillary architecture, 
239-240, 239f 
immunohistochemistry of, 204t, 243, 244f 
carbonic anhydrase 9 in, 209, 210f 
napsin A in, 209, 210f 
P504S in, 209, 210f 
incidence and demographics of, 238-244 
localization and clinical manifestations of, 
238 
radiologic features of, 238-239 
sarcomatoid dedifferentiation in, 256f 
treatment and prognosis for, 235t, 244 
type 1, 240 
with cholesterol cleft, 240, 241f 
with foamy macrophages, 240, 240f-241f 
with papillae, 240, 240f 
with tubulopapillary architecture, 240, 
241f-242f 
type 2, 241, 242f-243f 
sarcomatoid dedifferentiation in, 255-257 
ancillary diagnostic studies for, 257 
chromophobe, 248, 249f, 255f 
clear cell, 229-230, 231f, 256f 
differential diagnosis of, 257 
genetics of, 257 
with heterologous elements, 256, 257f 
histologic variants and grading of, 
256-257 
histopathology of, 256, 257f 
incidence and demographics of, 255-257 
localization and clinical manifestations of, 
255 
with malignant fibrous histiocytoma-like 
appearance, 256, 257f 
papillary, 256f 
radiologic features and gross pathology of, 
256 
treatment and prognosis for, 235t, 257 
translocation-associated (associated with 
Xp11.2/TFE3 gene fusion), 291-294 
ancillary diagnostic studies of, 292-294 
break-apart FISH for, 212, 213f 
cytogenetic alterations in, 213t 
differential diagnosis of, 292 
vs. clear cell renal cell carcinoma, 233 
vs. papillary renal cell carcinoma, 
241-242, 243f 
genetics of, 294 
gross pathology of, 292 
histopathology of, 292, 292t, 293f 
immunohistochemistry of, 207-208, 208f, 
298 
incidence and demographics of, 291-294 
localization and clinical manifestations of, 
292 
treatment and prognosis for, 294 
tubulocystic, 257-259 
ancillary diagnostic studies for, 259 
differential diagnosis of, 258-259 
genetics of, 259 
histologic variants and grading of, 258 
histopathology of, 258 
cysts in, 258, 258f 
dilated tubular spaces in, 258, 258f 
eosinophilic cytoplasm in, 258, 258f 
fibrotic stroma in, 258, 258f 
hobnailing in, 258, 258f 
tumor nuclei and nucleoli in, 258, 259f 
incidence and demographics of, 257-259 
localization and clinical manifestations of, 
257-258 
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Renal cell carcinoma (RCC) (Cont.) 
tubulocystic (cont.) 
radiologic features and gross pathology of, 
258 
treatment and prognosis for, 259 
Renal cell carcinoma (RCC) antibody, in renal 
neoplasms, 204t, 209 
Renal cholesterol crystal embolization, 162 
Renal circulation, 9-10, 10f 
Renal corpuscle 
anatomy of, 10-11, 12f 
normal histologic appearance of, 57-58, 58f 
ultrastructure of, 57-58, 58f 
Renal cortex 
anatomy of, 9, 9f 
epithelial neoplasms of, 227-268 
in children, 216b 
collecting duct carcinoma as, 250-255 
oncocytoma as, 262-265 
papillary adenoma as, 260-262 
renal cell carcinoma as 
chromophobe, 246-250 
clear cell, 227-235 
clear cell papillary, 244-245 
multilocular, 236-238 
papillary, 238-244 
sarcomatoid dedifferentiation in, 255-257 
tubulocystic, 257-259 
unclassified, 255 
staging of, 235b 
thyroid-like follicular carcinoma as, 259-260 
Renal cyst(s) 
in hereditary syndromes, 38-40 
tuberous sclerosis complex as, 38 
clinical manifestations of, 38 
differential diagnosis of, 21t, 38 
histopathology of, 38, 38f 
incidence and demographics of, 38 
prognosis and treatment for, 38 
radiographic and gross features of, 38, 38f 
von Hippel-Lindau syndrome as, 38-40 
clinical manifestations of, 39 
differential diagnosis of, 21t, 40 
histopathology of, 39, 39f 
incidence and demographics of, 39 
pathogenesis of, 38-39 
prognosis and treatment for, 40 
radiographic and gross features of, 39, 39f 
solitary and multiple, 26-27 
clinical manifestations of, 26 
differential diagnosis of, 26-27 
histopathology of, 26 
incidence and demographics of, 26 
pathogenesis of, 26-27 
prognosis and treatment for, 27 
radiographic and gross features of, 26, 27f 


Renal cystic disease(s). See Cystic renal disease(s). 


Renal cysts and diabetes syndrome, 37 
Renal development, 1-9 
changes in position in, 3 
excretory organs formed in, 2-3 
mesonephric kidney as, 2-3, 3f 
metanephric kidney as, 3, 3f-5f 
pronephric kidney as, 2, 3f 
mechanisms of, 3-7, 6t 
branching of ureteric bud as, 7 
differentiation of metanephric mesenchyme 
as, 6 
early markers of, 5-6 
formation of nephric duct as, 4 
stimulation of ureteric bud outgrowth from 
nephric duct as, 6-7 
origin of primordial cells in, 1-2, 2f 
Renal dysplasia, 8, 15-16 
classification of, 17b 
defined, 16b 


Renal dysplasia (Cont.) 
multicystic 
clinical manifestations of, 27 
differential diagnosis of, 21t, 26t, 27 
histopathology of, 27, 28f-29f 
incidence and demographics of, 27 
pathogenesis of, 27-28 
prognosis and treatment for, 27-28 
radiographic and gross features of, 27, 28f 
segmental cystic, 302-303 
Renal epithelial and stromal tumor (REST), 300 
Renal fascia, 9 
Renal fibromas. See Renomedullary interstitial 
cell tumor. 
Renal function, 9 
Renal hilum, 9, 9f 
Renal hypoplasia, 8, 16 
Renal mass sampling, 203-205 
complications of, 205 
types of specimens in, 203-205, 204b 
fine-needle aspiration biopsy as, 203, 204b 
importance of cell block in, 203-204, 204t 
needle core biopsy as, 204b, 205 
nephrectomy as 
morcellated, 204b, 206 
partial, 204b-205b, 205-206 
pediatric radical, 204b, 207 
radical, 204b, 206-207, 206f, 207b 
Renal medulla, 9, 9f 
Renal medullary carcinoma (RMC), 251-254, 
253f-254f 
Renal medullary interstitial cell tumor. See 
Renomedullary interstitial cell tumor. 
Renal metastases, 332-340 
ancillary diagnostic studies of, 338 
from breast carcinoma, 325-327, 326f, 335 
from colon carcinoma, 335, 336f 
differential diagnosis of, 338 
histologic subtypes of, 335, 335t 
histopathology of, 335 
incidence and demographics of, 332-340 
localization and clinical manifestations of, 333 
from lung carcinoma, 335, 335f-336f 
from parotid gland adenoid cystic carcinoma, 
337£ 
from prostate adenocarcinoma, 335, 338f 
radiologic features and gross pathology of, 335 
from testicular tumors, 335, 338f 
from thyroid carcinoma, 335, 337f 
treatment and prognosis for, 338-340 
Renal neoplasms 
ancillary studies of, 207-213 
cell block for, 204, 204t 
electron microscopy as, 212-213 
flow cytometric analysis as, 210 
fluorescence in situ hybridization as, 
210-212, 211f, 213t 
break-apart, 212, 212f 
dual fusion, 212, 213f 
numeration, 212, 212f 
immunohistochemistry as, 204t, 207-209, 
208f 
Ber-EP4 in, 209 
carbonic anhydrase 9 (CA IX) in, 204t, 
209, 210f-211f 
CD10 in, 209 
CD117 in, 204t, 209 
cell block for, 204, 204t 
cytokeratin 7 in, 204t, 209 
high-molecular weight cytokeratin in, 
204t, 209 
low-molecular weight cytokeratin in, 
204t, 208, 208f 
napsin A in, 204t, 209, 210f 
P504S in, 204t, 209, 210f 
Pax2 in, 204t, 209 


Renal neoplasms (Cont.) 
ancillary studies of (cont.) 
immunohistochemistry as (cont.) 
Pax8 in, 204t, 208 
pVHL in, 204t, 209 
RCC antibody in, 204t, 209 
vimentin in, 204t, 209 
epithelial, 227-268 
collecting duct carcinoma as, 250-255 
oncocytoma as, 262-265 
papillary adenoma as, 260-262 
renal cell carcinoma as 
chromophobe, 246-250 
clear cell, 227-235 
clear cell papillary, 244-245 
multilocular, 236-238 
papillary, 238-244 
sarcomatoid dedifferentiation in, 255-257 
tubulocystic, 257-259 
unclassified, 255 
staging of, 235b 
thyroid-like follicular carcinoma as, 259-260 
nonepithelial, 269-290 
angiomyolipoma as, 269-273 
epithelioid, 273-276 
angiosarcoma as, 285-286 
hemangioma as, 280-281 
hemangiopericytoma as, 284-285 
leiomyoma, 279-280 
leiomyosarcoma as, 283-284 
lymphangioma as, 278-279 
malignant fibrous histiocytoma as, 288 
osteosarcoma as, 288 
primary neuroectodermal tumor/Ewing 
sarcoma as, 287-288 
schwannoma as, 276-278 
solitary fibrous tumor as, 282-283 
synovial sarcoma as, 286-287 
pediatric, 215-226 
anaplastic sarcoma of the kidney as, 224 
classification of, 216b 
clear cell sarcoma of the kidney as, 223 
cytogenetic alterations in, 213t 
mesoblastic nephroma as, 222-223 
metanephric, 216b, 223-224 
adenofibroma as, 224 
adenoma as, 223, 224f 
stromal tumor as, 224 
nephroblastoma as, 215-221 
cystic partially differentiated, 221-222, 
222f 
nephrogenic rests and nephroblastomatosis 
as, 221 
ossifying renal tumor of infancy as, 223 
other primary, 224 
renal cell carcinoma associated with 
neuroblastoma as, 224 
rhabdoid tumor as, 223 
of renal pelvis, 313-343 
adenocarcinoma as, 325-327 
carcinoid tumors as, 339f-340f, 340 
lymphoma as, 328-332 
metastatic, 332-340 
renomedullary interstitial cell tumor as, 
327-328 
squamous cell carcinoma as, 323-325 
staging of, 314b 
urothelial 
benign, 313-317 
malignant, 317-323 
sampling of, 203-205 
complications of, 205 
types of specimens in, 203-205, 204b 
fine-needle aspiration biopsy as, 203, 204b 
importance of cell block in, 203-204, 204t 
morcellated nephrectomy as, 204b, 206 
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Renal neoplasms (Cont.) 
sampling of (cont.) 
types of specimens in (cont.) 
needle core biopsy as, 204b, 205 
partial nephrectomy as, 204b-205b, 


205-206 

pediatric radical nephrectomy as, 204b, 
207 

radical nephrectomy as, 204b, 206-207, 
206f, 207b 


unusual, 291-312 
carcinoid tumor as, 307-308 
cystic nephroma/mixed epithelial and 
stromal tumor of the kidney as, 
300-303 
epithelial neoplasms in end-stage renal 
disease as, 303-304 
familial renal cell carcinoma syndromes, 
294-298 
with Birt-Hogg-Dube syndrome, 296-298 
with leiomyomatosis, 296 
germ cell tumors as, 309-310 
hemangiopericytoma/solitary fibrous tumor 
as, 305-307 
juxtaglomerular cell tumor as, 304-305 
mucinous tubular spindle cell carcinoma as, 
299-300 
neuroblastoma-associated renal cell 
carcinoma as, 298-299 
neuroendocrine carcinoma/small-cell 
carcinoma as, 308-309 
paraganglioma as, 307 
renal carcinoma associated with 
Xp11.2/TFE3 gene fusion, 291-294 
Renal oncocytosis, 264 
Renal pelvic carcinoma, 317-323 
ancillary diagnostic studies of, 320 
differential diagnosis of, 319-320 
vs. inverted papilloma, 314-315, 315f-317f, 
316t 
genetics of, 318f, 320-322 
grading of, 319, 322f 
histologic variants of, 319 
micropapillary, 319, 323f 
nested, 316, 317f 
histopathology of, 318-319 


with adjacent high-grade urothelial dysplasia 


(carcinoma in situ), 318-319, 320f 
with broad pushing front of invasion, 319, 
321f 
with desmoplastic reaction, 319, 321f 
with dislodged fragments pushed into 
vascular spaces, 318-319, 321f 
with exophytic papillary appearance, 
318-319, 319f 
focally invasive, 315f-316f 
with friability, 318-319, 321f 
with inflammatory reaction, 315f, 319f 
with invasion at level of renal sinus, 319 
involving ureter, 315f 
with nuclear atypia, 318-319, 319f 
with paradoxical maturation (abundant 


eosinophilic cytoplasm), 315-316, 316f 


of renal pelvis, 316f 

widely invasive, 316f 
incidence and demographics of, 317-323 
localization and clinical manifestations of, 

317-318 
mixed squamous cell and, 324, 324f 
radiologic features and gross pathology of, 318 
staging of, 314b, 318-319 
treatment and prognosis for, 322-323 
Renal pelvic tumors, 313-343 

adenocarcinoma as, 325-327 
carcinoid tumors as, 339f-340f, 340 
lymphoma as, 328-332 


Renal pelvic tumors (Cont.) 
metastatic, 332-340 
renomediullary interstitial cell tumor as, 
327-328 
squamous cell carcinoma as, 323-325 
staging of, 314b 
urothelial 
benign, 313-317 
malignant, 317-323 
Renal phenotype, of knockout mice, 3-4, 6t 
Renal pyramids, 9 
Renal transplantation. See Kidney transplantation. 
Renal tubular ectasia, 35 
Renal tumor of childhood, bone-metastasizing, 
223 
Renal vein, 10, 10f 
Renal vein thrombosis (RVT), 179 
clinical manifestations of, 179 
differential diagnosis of, 179 
etiology and pathogenesis of, 179 
incidence and demographics of, 179 
radiologic features of, 179 
treatment and prognosis for, 179 
Renomedullary interstitial cell tumor, 327-328 
ancillary diagnostic studies of, 327-328 
differential diagnosis of, 327 
genetics of, 328 
histopathology of, 327, 327f-328f 
incidence and demographics of, 327-328 
localization and clinical manifestations of, 327 
radiologic features and gross pathology of, 327 
treatment and prognosis for, 328 
Renovascular disease, atherosclerotic. See Renal 
artery stenosis (RAS). 
Renovascular hypertension, 165 
REST (renal epithelial and stromal tumor), 300 
Rhabdoid tumor, 223 
cytogenetic alterations in, 213t 
Rhabdomyolysis, in acute tubular necrosis, 144, 
144f-145f 
Ricci, Vincenzo, 34 
RMC (renal medullary carcinoma), 251-254, 
253f-254f 
Ron proto-oncogene, in oncocytoma, 265 
RPGN (rapidly progressive glomerulonephritis), 
98-100 
RVT. See Renal vein thrombosis (RVT). 


S 


Sarcoidosis, 135 

clinical manifestations of, 135 

differentiating features of, 134t 

etiology of, 135 

histopathology of, 135, 136f 

incidence and demographics of, 135 

radiologic features of, 135 

Sarcoma 

anaplastic, 224 

clear cell, 223 

Ewing, 287-288 
ancillary diagnostic studies of, 287-288 
histopathology of, 287 
incidence and demographics of, 287-288 
radiologic features and gross pathology of, 

287 

treatment and prognosis for, 288 

synovial, 286-287 
ancillary diagnostic studies of, 287 
break-apart FISH for, 212, 212f 
cytogenetic alterations in, 213t 
differential diagnosis of, 286-287 
histopathology of, 286, 286f-287f 
incidence and demographics of, 286-287 
radiologic features and gross pathology of, 

286 

treatment and prognosis for, 287 


Sarcomatoid dedifferentiation 
in collecting duct carcinoma, 251, 252f 
in renal cell carcinoma, 255-257 
ancillary diagnostic studies for, 257 
chromophobe, 248, 249f, 255f 
clear cell, 229-230, 231f, 256f 
differential diagnosis of, 257 
genetics of, 257 
with heterologous elements, 256, 257f 
histologic variants and grading of, 256-257 
histopathology of, 256, 257f 
incidence and demographics of, 255-257 
localization and clinical manifestations of, 
255 
with malignant fibrous histiocytoma-like 
appearance, 256, 257f 
papillary, 256f 
radiologic features and gross pathology of, 
256 
treatment and prognosis for, 235t, 257 
Schwannoma, 276-278 
ancillary diagnostic studies for, 277 
differential diagnosis of, 277 
gross pathology of, 277 
histopathology of, 277, 277f 
incidence and demographics of, 277-278 
localization and clinical manifestations of, 277 
radiologic findings in, 277 
treatment and prognosis for, 278 
Scleroderma renal crisis, 176 
clinical manifestations of, 176, 176t 
differential diagnosis of, 177 
electron microscopy of, 177, 177f 
histopathology of, 176-177, 176f-177f 
incidence and demographics of, 175 
pathogenesis of, 175-176 
prognosis and treatment for, 177-178 
Sclerosing extramedullary hematopoietic tumor 
(SEMHT), 154-156 
clinical manifestations of, 154-156 
differential diagnosis of, 154-156 
histopathology of, 154, 155f 
in myeloproliferative neoplasms, 154-156 
Segmental arteries, 9, 10f 
Segmental cystic renal dysplasia, 302-303 
Segmental lesions, glomeruli with, 54t 
Segmental sclerosis. See Focal segmental 
glomerulosclerosis (FSGS). 
SEMHT. See Sclerosing extramedullary 
hematopoietic tumor (SEMHT). 
SFT. See Solitary fibrous tumor (SFT). 
SGF (slow graft function), 183 
Simple renal cysts, 26-27 
clinical manifestations of, 26 
differential diagnosis of, 26-27 
histopathology of, 26 
incidence and demographics of, 26 
pathogenesis of, 26-27 
prognosis and treatment for, 27 
radiographic and gross features of, 26, 27f 
Simplification, in acute tubular necrosis, 144-145 
Simpson-Golabi-Behmel syndrome, 
nephroblastoma in, 216t, 217 
Six1, in renal development, 6, 6t 
Six2, in renal development, 6 
Sjogren syndrome, 130 
clinical manifestations of, 130 
histopathology of, 130, 131f 
incidence and demographics of, 130 
SLE (systemic lupus erythematosus) 
clinical manifestations of, 84-85, 85t 
incidence and demographics of, 84 
lupus nephritis due to. See Lupus nephritis. 
Slit diaphragm 
anatomy of, 11, 12f 
ultrastructure of, 57-58 
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SLL (small lymphocytic lymphoma), 330, 331t, 
333f 
Slow graft function (SGF), 183 
SMA (smooth muscle actin), in epithelioid 
angiomyolipoma, 274-276, 276f 
Small cell carcinoma, 308-309 
ancillary diagnostic studies of, 309 
differential diagnosis of, 309 
genetics of, 309 
histopathology of, 309, 309f 
incidence and demographics of, 309 
localization and clinical manifestations of, 309 
radiographic features and gross pathology of, 
309 
treatment and prognosis for, 309 
of ureter, 340 
Small lymphocytic lymphoma (SLL), 330, 331t, 
333f 


Small vessel vasculitis, 171 
Smith-Lemli-Opitz syndrome, 30 
Smooth muscle actin (SMA), in epithelioid 
angiomyolipoma, 274-276, 276f 
Solitary fibrous tumor (SFT), 282-283, 305-307 
ancillary diagnostic studies of, 282, 283f, 307 
differential diagnosis of, 283, 306-307 
genetics of, 307 
gross pathology of, 282, 306 
with hemangiopericytoma-like appearance, 
282, 283f 
histopathology of, 282, 282f, 306 
arising in adult-onset polycystic kidney 
disease, 306f 
prominent vessels in, 282, 283f 
incidence and demographics of, 282-283, 306 
location and clinical manifestations of, 282, 
306 
malignant, 282 
radiologic findings in, 282, 306 
treatment and prognosis for, 283, 307 
Sotos syndrome, nephroblastoma in, 216t, 217 
Specimen types, in renal mass sampling, 203-205, 
204b 
fine-needle aspiration biopsy as, 203, 204b 
importance of cell block in, 203-204, 204t 
needle core biopsy as, 204b, 205 
nephrectomy as 
morcellated, 204b, 206 
partial, 204b-205b, 205-206 
pediatric radical, 204b, 207 
radical, 204b, 206-207, 206f, 207b 
Spindle cell carcinoma, mucinous tubular. See 
Mucinous tubular spindle cell 
carcinoma (MTSCCa). 
Sponge kidney. See Medullary sponge kidney 
(MSK). 
Sponge pyramidal kidney. See Medullary sponge 
kidney (MSK). 
Squamous cell carcinoma, 323-325 
differential diagnosis of, 325 
histopathology of, 324, 324f 
incidence and demographics of, 323-325 
localization and clinical manifestations of, 324 
metastatic from lung, 335f 
radiologic features and gross pathology of, 324, 
324f 
treatment and prognosis for, 325 
SSc. See Systemic sclerosis (SSc). 
Staining, of biopsy specimen, 48-49 
Stromal tumor, metanephric, 224 
Struma ovarii, vs. thyroid-like follicular 
carcinoma, 260 
Subepithelial deposits, in renal biopsy 
interpretation, 49-50, 51f 
Sunitinib, for clear cell renal cell carcinoma, 235 
Superior segmental artery, 10f 
Surface ectoderm, in formation of nephric duct, 4 


Synovial sarcoma, 286-287 
ancillary diagnostic studies of, 287 
break-apart FISH for, 212, 212f 
cytogenetic alterations in, 213t 
differential diagnosis of, 286-287 
histopathology of, 286, 286f-287f 
incidence and demographics of, 286-287 
radiologic features and gross pathology of, 286 
treatment and prognosis for, 287 
Systemic disease, glomerular disease associated 
with, 81-103 
amyloidosis as, 88-92 
anti-GBM antibody—mediated disease as, 
98-100 
cryoglobulinemia as, 93-103 
diabetic nephropathy as, 81-84 
HIV-associated nephropathy as, 95-96 
lupus nephritis as, 84-88 
monoclonal immunoglobulin deposition 
disease as, 92-93 
paraprotein-associated renal diseases as, 88 
pauci-immune necrotizing and crescentic 
glomerulonephritis as, 100-103 
Systemic lupus erythematosus (SLE) 
clinical manifestations of, 84-85, 85t 
incidence and demographics of, 84 
lupus nephritis due to. See Lupus nephritis. 
Systemic sclerosis (SSc), 175-178 
clinical manifestations of, 176, 176t 
differential diagnosis of, 177 
diffuse cutaneous, 175, 175t 
electron microscopy of, 177, 177f 
histopathology of, 176-177, 176f-177f 
incidence and demographics of, 175 
limited cutaneous, 175, 175t 
pathogenesis of, 175-176 
prognosis and treatment for, 177-178 
subtypes of, 175, 175t 
Systemic vasculitis, in renal allograft recipient, 
200 


T 


Takayasu arteritis (TA), 172-173 
clinical manifestations of, 172 
differential diagnosis of, 100t, 171t, 173 
histopathology of, 173 
incidence and demographics of, 172 
prognosis and treatment for, 173 
radiologic features of, 172-173 
synonyms for, 172 
Tamm-Horsfall protein, in autosomal dominant 
glomerulocystic kidney disease, 37 
TB (tuberculosis), granulomatous interstitial 
nephritis due to, 134t, 135 
TBM (tubular basement membrane), in 
anti- TBM -associated interstitial 
nephritis, 130 
TCC. See Tubulocystic carcinoma (TCC). 
T-cell lymphoma, 331 
T-cell-mediated rejection 
acute, 185-187 
Banff classification of, 185, 187t 
clinical manifestations of, 185 
differential diagnosis of, 186-187 
histopathology of, 185-186, 186f 
incidence and demographics of, 185-187 
prognosis and treatment for, 187 
quantitative criteria for, 186t 
chronic active, 186, 187f, 187t 
TCF2 gene, in familial hypoplastic 
glomerulocystic kidney disease, 37 
Temporal arteritis, 173-174 
clinical manifestations of, 173 
differential diagnosis of, 100t, 171t, 173-174 
histopathology of, 173, 174f 
incidence and demographics of, 173 


Temporal arteritis (Cont.) 
prognosis and treatment for, 174 
radiologic features of, 173 

Teratomas, 309-310 
ancillary diagnostic studies of, 310 
differential diagnosis of, 310 
histopathology of, 310, 310f 
incidence and demographics of, 309-310 
localization and clinical manifestations of, 310 
radiographic features and gross pathology of, 

310 
treatment and prognosis for, 310 

Testicular tumors, metastatic to kidney, 335, 

338f 

TFE3 gene fusion. See Xp11.2/TFE3 gene fusion. 

TFEB gene, 294 

TFEC gene, 294 

Theory of autoantigen complementarity, 101 

Thin basement membrane disease. See Thin 

glomerular basement membrane 
nephropathy (TGBMN). 

Thin glomerular basement membrane 

nephropathy (TGBMN), 113-115 
clinical manifestations of, 113 
differential diagnosis of, 114-115 

vs. Alport syndrome, 114, 116t, 117 
etiology and pathogenesis of, 113 
histopathology of, 113-114, 114f 
incidence and demographics of, 113-115 
normal glomeruli in, 52t 
prognosis and treatment for, 115 
synonyms for, 113 

Thromboaortopathy, occlusive. See Takayasu 

arteritis (TA). 

Thrombotic microangiopathy (TMA), 107-109 
in antiphospholipid syndrome, 87, 87f 
capillary wall alterations in chronic, 52t 
causes of, 107, 107b 
due to hemolytic-uremic syndrome, 108-109, 

108f-109f 
due to thrombotic thrombocytopenic purpura, 

107-109 

Thrombotic thrombocytopenic purpura (TTP), 

107-109 
classification of, 107 
clinical manifestations of, 107 
congenital, 107 
differential diagnosis of, 107 
histopathology of, 107 
idiopathic, 107 
incidence and demographics of, 107 
nonidiopathic, 107 
prognosis and treatment for, 107-108 

Thyroid cancer 
familial papillary, renal cell carcinoma in, 

294t 
metastatic to kidney, 335, 337f 

Thyroidization, in chronic pyelonephritis, 

140-141, 141f 

Thyroid-like follicular carcinoma, 259-260 
ancillary diagnostic studies for, 260 
differential diagnosis of, 260 
genetics of, 260 
histologic variants and grading of, 260 
histopathology of, 259-260, 259f-260f 
incidence and demographics of, 259-260 
localization and clinical manifestations of, 259 
radiologic features and gross pathology of, 259 
treatment and prognosis for, 260, 260f 

TIN. See Tubulointerstitial nephritis (TIN). 

TINU syndrome. See Tubulointerstitial nephritis- 

uveitis (TINU) syndrome. 

Tip lesion, of focal segmental glomerulosclerosis, 

61-62, 62f, 62t 

Tissue handling, for biopsy specimens, 48, 48f 

Tissue processing, for biopsy specimen, 49, 49f 
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TMA. See Thrombotic microangiopathy (TMA). 
Touraine syndrome. See Nail-patella syndrome. 
Toxic tubular injury, 143-149 
acute tubular necrosis as, 143-145 
heavy metal nephropathy as, 146-147 
due to cadmium, 146-147 
due to chromium, 147 
due to copper, 147 
due to lead, 147 
due to mercury, 147 
oxalate nephropathy as, 147-149 
phosphate nephropathy as, 145-146 
Translocation-associated renal cell carcinoma, 
291-294 
ancillary diagnostic studies of, 292-294 
break-apart FISH for, 212, 213f 
cytogenetic alterations in, 213t 
differential diagnosis of, 292 
vs. clear cell renal cell carcinoma, 233 
vs. papillary renal cell carcinoma, 241-242, 
243f 
genetics of, 294 
gross pathology of, 292 
histopathology of, 292, 292t, 293f 
immunohistochemistry of, 207-208, 208f, 298 
incidence and demographics of, 291-294 
localization and clinical manifestations of, 292 
treatment and prognosis for, 294 
Transplant glomerulopathy, 190-191 
clinical manifestations of, 190 
differential diagnosis of, 191 
histopathology of, 190-191, 190f 
pathogenesis of, 191 
ultrastructure of, 190-191, 191f 
Transplantation. See Kidney transplantation. 
Transport, of biopsy specimens, 48 
Transport media, for biopsy specimen, 49 
Trisomy 13, vs. Meckel-Gruber syndrome, 30 
Trisomy 18, nephroblastoma in, 216t, 217 
TRPC6 gene, in focal segmental 
glomerulosclerosis, 124 
TSC. See Tuberous sclerosis complex (TSC). 
TSCI1 gene 
in renal angiomyolipoma, 272 
in tuberous sclerosis complex, 38, 296 
TSC2 gene 
in autosomal dominant polycystic kidney 
disease, 21 
in renal angiomyolipoma, 272 
in tuberous sclerosis complex, 38, 296 
TSC2/PKD1 contiguous gene syndrome, 22 
TTP. See Thrombotic thrombocytopenic purpura 
(TTP). 
Tuberculosis (TB), granulomatous interstitial 
nephritis due to, 134t, 135 
Tuberin 
in autosomal dominant polycystic kidney 
disease, 21 
in renal angiomyolipoma, 272 
Tuberous sclerosis complex (TSC) 
renal cell carcinoma in, 294t, 296 
renal cysts in, 38 
clinical manifestations of, 38 
differential diagnosis of, 21t, 38 
histopathology of, 38, 38f 
incidence and demographics of, 38 
prognosis and treatment for, 38 
radiographic and gross features of, 38, 38f 
Tuberous sclerosis complex (TSC)-associated 
angiomyolipoma, 42, 42f, 272 
Tubular atrophy 
in diabetic nephropathy, 83, 83f 
post-transplant, 191-192 
differential diagnosis of, 194t 
histopathology of, 191, 192f-193f 
quantitative scoring criteria for, 191, 192t 


Tubular basement membrane (TBM), in 
anti- TBM-associated interstitial 
nephritis, 130 
Tubular epithelium, 12f 
Tubular microcalcifications, chronic allograft 
injury due to, 194t 
Tubular neutrophilic casts, in acute 
pyelonephritis, 139-140, 140f 
Tubular pole, 10-11, 12f 
Tubules, in renal biopsy interpretation, 50-51, 51f 
Tubulitis, 127 
in acute T-cell-mediated rejection, 185, 186f 
neutrophilic, in acute pyelonephritis, 139-140, 
140f 
Tubulocystic carcinoma (TCC), 257-259 
ancillary diagnostic studies for, 259 
differential diagnosis of, 258-259 
genetics of, 259 
histologic variants and grading of, 258 
histopathology of, 258 
cysts in, 258, 258f 
dilated tubular spaces in, 258, 258f 
eosinophilic cytoplasm in, 258, 258f 
fibrotic stroma in, 258, 258f 
hobnailing in, 258, 258f 
tumor nuclei and nucleoli in, 258, 259f 
incidence and demographics of, 257-259 
localization and clinical manifestations of, 
257-258 
radiologic features and gross pathology of, 258 
treatment and prognosis for, 259 
Tubuloglomerular feedback, 13 
Tubulointerstitial changes, in HIV-associated 
nephropathy, 96, 97f 
Tubulointerstitial disease, 127-158 
classification of, 127, 128t 
defined, 127 
drug-related chronic tubulointerstitial injury 
as, 136-137 
Chinese herb nephropathy/Balkan endemic 
nephropathy as, 136-137 
lithium nephrotoxicity as, 136, 136f 
protease inhibitor-related nephropathy as, 
137 
due to hematologic neoplastic disorders, 
149-156 
lymphoproliferative disorders as, 150-154 
multiple myeloma as, 149 
light-chain cast nephropathy as, 149-150 
light-chain Fanconi syndrome as, 150 
sclerosing extramedullary hematopoietic 
tumor in myeloproliferative neoplasms 
as, 154-156 
histologic features of, 127, 128b 
infection-related tubulointerstitial injury as, 
139-143 
acute pyelonephritis as, 139-140 
chronic pyelonephritis and reflux 
nephropathy as, 140-141 
due to special bacterial infectious processes, 
141-142 
malacoplakia and megalocytic interstitial 
nephritis as, 142 
xanthogranulomatous pyelonephritis as, 
141-142 
due to viral infections, 142-143 
ischemic/toxic tubular injury as, 143-149 
acute tubular necrosis as, 143-145 
heavy metal nephropathy as, 146-147 
due to cadmium, 146-147 
due to chromium, 147 
due to copper, 147 
due to lead, 147 
due to mercury, 147 
oxalate nephropathy as, 147-149 
phosphate nephropathy as, 145-146 


Tubulointerstitial disease (Cont.) 
in lupus nephritis, 87-88 
papillary necrosis as, 137-139 
analgesic nephropathy as, 138-139 
tubulointerstitial nephritis as, 127-130 
acute, 128-129 
chronic, 129-130 
granulomatous, 134-135 
immune-mediated, 130-134 
anti- TBM-associated, 130 
in connective tissue diseases, 131-132 
hypocomplementemic, 131 
IgG4-related, 132-133 
in Sjogren syndrome, 130 
in tubulointerstitial nephritis-uveitis 
syndrome, 133-134 
Tubulointerstitial injury 
due to connective tissue diseases, 131-132, 
132f 
drug-related chronic, 136-137 
Chinese herb nephropathy/Balkan endemic 
nephropathy as, 136-137 
lithium nephrotoxicity as, 136, 136f 
protease inhibitor-related nephropathy as, 
137 
histologic features of, 128b 
infection-related, 139-143 
acute pyelonephritis as, 139-140 
chronic pyelonephritis and reflux 
nephropathy as, 140-141 
due to special bacterial infectious processes, 
141-142 
malacoplakia and megalocytic interstitial 
nephritis as, 142 
xanthogranulomatous pyelonephritis as, 
141-142 
due to viral infections, 142-143 
ischemic/toxic, 143-149 
acute tubular necrosis as, 143-145 
heavy metal nephropathy as, 146-147 
due to cadmium, 146-147 
due to chromium, 147 
due to copper, 147 
due to lead, 147 
due to mercury, 147 
oxalate nephropathy as, 147-149 
phosphate nephropathy as, 145-146 
Tubulointerstitial necrosis 
primary, 128 
secondary, 128 
Tubulointerstitial nephritis (TIN), 127-130 
acute, 128-129 
infectious, 128, 129f 
medication-induced, 129, 129f, 129t 
chronic, 129-130, 130f 
granulomatous, 134-135, 134t 
drug-induced, 134-135, 134t, 135f 
due to fungal infections, 134t, 135, 135f 
due to mycobacterial infections, 134t, 135 
due to sarcoidosis, 134t, 135, 136f 
immune-mediated, 130-134 
anti- TBM -associated, 130 
in connective tissue diseases, 131-132 
hypocomplementemic, 131 
IgG4-related, 132-133 
in Sjögren syndrome, 130 
in tubulointerstitial nephritis-uveitis 
syndrome, 133-134 
morphologic clues in, 128, 128t 
Tubulointerstitial nephritis-uveitis (TINU) 
syndrome, 133-134 
clinical manifestations of, 134 
histopathology of, 134, 134f 
incidence and demographics of, 133-134 
prognosis and treatment for, 134 
Tubulointerstitial syndromes, 17b 
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Tubulopapillary renal cell carcinoma. See Clear 
cell papillary renal cell carcinoma 
(CcPRCC). 

Tumor(s), renal. See Renal neoplasms. 

Tumor banking, 207 

Turner-Kieser syndrome. See Nail-patella 
syndrome. 
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Ulex europaeus, in collecting duct carcinoma, 
254-255, 255f 
UMOD gene, in autosomal dominant 
glomerulocystic kidney disease, 37 
Ureter 
small cell carcinomas of, 340 
urothelial tumors of 
benign, 313-317 
malignant, 317-323 
Ureteral duplication, 8-9 
Ureteric bud 
branching of, 7 
development of, 3, 5f 


stimulation of outgrowth from nephric duct of, 


6-7 
Urinary pole, 10-11, 12f 
Urinary space, 12f, 57, 58f 
Uromodulin, in autosomal dominant 
glomerulocystic kidney disease, 37 
Urothelial carcinoma, 317-323 
ancillary diagnostic studies of, 320 
differential diagnosis of, 319-320 
vs. inverted papilloma, 314-315, 315f-317f, 
316t 
genetics of, 318f, 320-322 
grading of, 319, 322f 
histologic variants of, 319 
micropapillary, 319, 323f 
nested, 316, 317f 
histopathology of, 318-319 


with adjacent high-grade urothelial dysplasia 


(carcinoma in situ), 318-319, 320f 
with broad pushing front of invasion, 319, 
321f 
with desmoplastic reaction, 319, 321f 
with dislodged fragments pushed into 
vascular spaces, 318-319, 321f 
with exophytic papillary appearance, 
318-319, 319f 
focally invasive, 315f-316f 
with friability, 318-319, 321f 
with inflammatory reaction, 315f, 319f 
with invasion at level of renal sinus, 319 
involving ureter, 315f 
with nuclear atypia, 318-319, 319f 
with paradoxical maturation (abundant 


eosinophilic cytoplasm), 315-316, 316f 


of renal pelvis, 316f 
widely invasive, 316f 
incidence and demographics of, 317-323 
localization and clinical manifestations of, 
317-318 
mixed squamous cell and, 324, 324f 


radiologic features and gross pathology of, 318 


staging of, 314b, 318-319 
treatment and prognosis for, 322-323 
Urothelial tumors 
benign, 313-317 
ancillary diagnostic studies of, 316-317 
differential diagnosis of, 314-316 
vs. low-grade urothelial carcinoma, 
314-315, 315f-317f, 316t 


Urothelial tumors (Cont.) 
benign (cont.) 
differential diagnosis of (cont.) 
vs. proliferative pyelitis, 314-315, 315f 


vs. pyelitis cystica et glandularis, 314-315, 


315f 
genetics of, 317, 318f 
glandular variant of, 314, 314f 
histopathology of, 314, 314f 
incidence and demographics of, 313-317 
localization and clinical manifestations of, 
313-314 
pseudoglandular variant of, 314, 314f 
radiologic features and gross pathology of, 
314 
treatment and prognosis for, 317 
malignant. See Urothelial carcinoma. 
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V2 receptor antagonists, for autosomal dominant 
polycystic kidney disease, 21 

Vasa recta, 10, 10f 

Vascular disease, 159-181 

acquired degenerative, 159-167 
atheroembolic, 162-165 
atherosclerotic, 165-167 
hypertensive nephrosclerosis as, 159-162 

arteriopathic, 175-179 
hypertensive crisis as, 178-179 
systemic sclerosis as, 175-178 

arteritis as, 171-175 
giant cell (temporal), 173-174 
Kawasaki disease as, 174-175 
polyarteritis nodosa as, 171-172 
Takayasu, 172-173 

malformative, 167-171 
fibromuscular dysplasia as, 167-170 
vascular malformation as, 170-171 

renal vein thrombosis as, 179 

Vascular malformations, 170-171 

classification of, 170, 170t 

clinical manifestations of, 170 

differential diagnosis of, 170 

gross pathology of, 170 

histopathology of, 170 

incidence and demographics of, 170 

prognosis and treatment for, 170-171 

radiologic features of, 170 

Vascular pole, 10-11, 12f 

Vascular supply, of kidney, 9-10, 10f 

Vasculitis(ides), systemic 

clinical classification of, 100t 

in renal allograft recipient, 200 

VHL gene, in von Hippel-Lindau syndrome, 
38-39, 294-295 

VHL syndrome. See von Hippel-Lindau (VHL) 
syndrome. 

VHLD (von Hippel-Lindau disease). See 
von Hippel-Lindau (VHL) 
syndrome. 

Vimentin, in renal neoplasms, 204t, 209 

Viral infection(s) 

in renal allograft recipient, 194-199, 194t 
with adenovirus, 198-199 

differential diagnosis of, 194t, 198-199 

histopathology of, 198, 198f-199f 
with cytomegalovirus, 196 

clinical manifestations of, 196 

differential diagnosis of, 194t, 196 

etiology of, 196 

histopathology of, 196, 196f 


Viral infection(s) (Cont.) 
in renal allograft recipient (cont.) 
with Epstein-Barr virus, 194-196 
clinical manifestations of, 195 
differential diagnosis of, 194t, 195-196 
histopathology of, 195, 195f 
and post-transplant lymphoproliferative 
disorder, 195 
with polyoma (BK) virus, 196-198 
differential diagnosis of, 194t, 198 
histopathology of, 197, 197f 
immunohistochemistry and in situ 
hybridization for, 197, 197f 
ultrastructure of, 197, 198f 
urine cytology in, 197, 198f 
tubulointerstitial injury due to, 142-143, 143f 
Visceral epithelial cells, 11, 12f 
von Hippel-Lindau disease (VHLD). See von 
Hippel-Lindau (VHL) syndrome. 
von Hippel-Lindau (VHL) syndrome, 294-295 
intracellular signaling cascade in, 293f, 294-295 
renal cell carcinoma in, 293f, 294-295, 294t 
renal cysts in, 38-40 
clinical manifestations of, 39 
differential diagnosis of, 21t, 40 
histopathology of, 39, 39f 
incidence and demographics of, 39 
pathogenesis of, 38-39 
prognosis and treatment for, 40 
radiographic and gross features of, 39, 39f 
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Waardenburg syndrome, 8 
WAGR syndrome, nephroblastoma in, 215, 216t, 
217 
Warm ischemia time, 184 
Water channel proteins, 12 
Wegener's granulomatosis. See Granulomatosis 
with polyangiitis. 
Wilms tumor. See Nephroblastoma. 
Wnt4, in renal development, 6, 6t 
WTI gene 
in diffuse mesangial sclerosis, 124 
in focal segmental glomerulosclerosis, 124 
in nephroblastoma, 215-216, 216t 
in renal development, 5-7, 6t 
WT2 gene, in nephroblastoma, 216, 216t 
WT4 gene, in renal development, 6t 
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Xanthogranulomatous pyelonephritis (XGP), 
141-142, 142f 
Xp11.2/TFE3 gene fusion, renal cell carcinoma 
associated with, 291-294 
ancillary diagnostic studies of, 292-294 
break-apart FISH for, 212, 213f 
cytogenetic alterations in, 213t 
differential diagnosis of, 292 
vs. clear cell renal cell carcinoma, 233 
vs. papillary renal cell carcinoma, 241-242, 
243f 
genetics of, 294 
gross pathology of, 292 
histopathology of, 292, 292t, 293f 
immunohistochemistry of, 207-208, 208f, 298 
incidence and demographics of, 291-294 
localization and clinical manifestations of, 292 
treatment and prognosis for, 294 
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Yolk sac tumor, 310 
metastatic to kidney, 338f 


